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ADVERTISEMENT. 


TH  E Committee  appointed  by  the  Royal  Society  to  direct  the  pub- 
lication of  the  Philofophical  Tranfadions , take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council-books 
and  journals  of  the  Society,  as  from  repeated  declarations  which  have 
been  made  in  feveral  former  Tranf actions,  that  the  printing  of  them  was 
always,  from  time  to  time,  the  fingle  aft  of  the  refpeftive  Secretaries,  till 
the  Forty-feventh  Volume : the  Society,  as  aBody,  never  interefting  them- 
felves  any  further  in  their  publication,  than  by  occafionally  recommending 
the  revival  of  them  to  fome  of  their  Secretaries,  when,  from  the  particular 
circumftances  of  their  affairs,  the  Tranfadions  had  happened  for  any 
length  of  time  to  be  intermitted.  And  this  feems  principally  to  have 
been  done  with  a view  to  fatisfy  the  Public,  that  their  ufual  meetings 
were  then  continued,  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their  firft  inflitution  by  the  Pvoyal  Charters, 
and  which  they  have  ever  fince  fteadily  purfued. 

But  the  Society  being  of  late  years  greatly  inlarged,  and  their  com- 
munications more  numerous,  it  was  thought  advifable,  that  a Committee 
of  their  members  fhould  be  appointed  to  reconfider  the  papers  read  be- 
fore them,  and  felefl  out  of  them  fuch  as  they  fhould  judge  moll  pro- 
per for  publication  in  the  future  Tranfadions  ; which  was  accordingly 
done  upon  the  26th  of  March  1752.  And  the  grounds  of  their  cl  oice 
are,  and  will  continue  to  be,  the  importance  and  fingularity  of  the  fub- 
jects,  or  the  advantageous  manner  of  treating  them  ; without  pretending 
to  anfwer  for  the  certainty  of  the  faffs,  or  propriety  of  the  reafonings, 
contained  in  the  feveral  papers  fo  publifhed,  which  mud  Hill  reft  on  the 
credit  or  judgment  of  their  refpeftive  authors. 
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It  is  iikewife  neceffary  on  this  occafion  to  remark,  that  it  is  an  efta- 
blifhed  rule  of  the  Society,  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a Body,  upon  any  fubjeft,  either  of  Nature  or  Art, 
that  comes  before  them.  And  therefore  the  thanks,  which  are  fre- 
quently propofed  from  the  Chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers as  are  read  at  their  accuflomed  meetings,  or  to  the  perfons  through 
whofe  hands  they  receive  them,  are  to  be  confidered  in  no  other  light 
than  as  a matter  of  civility,  in  return  for  the  refpeft  fhewn  to  the  Society 
by  thofe  communications.  The  like  alfo  is  to  be  faid  with  regard  to 
the  feveral  projects,  inventions,  and  curiofities  of  various  kinds,  which 
are  often  exhibited  to  the  Society  ; the  authors  whereof,  or  thofe  who 
exhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  have  met  with  the  higheft  applaufe 
and  approbation.  And  therefore  it  is  hoped,  that  no  regard  will  here- 
after be  paid  to  fuch  reports,  and  public  notices ; which  in  fome  inftances 
have  been  too  lightly  credited,  to  the  diftionour  of  the  Society. 
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R.  S.  for  his  Two  Papers  on  Congelation,  printed  in  the 
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I.  Defcription  of  an  Improvement  in  the  Application  of  the  Qua- 
drant of  Altitude  to  a celejiial  Globe , for  the  Reflation  of 
Problems  dependant  on  Azimuth  and  Altitude.  By  Mr.  John 
Smeaton,  F.  R.  S.;  communicated  by  Mr.  William  Wales, 

F.  R.  S. 


Read  November  20,  1 7 8 S. 

PERHAPS  there  are  few  inftruments  that  better  fulfil 
their  defign  in  general,  or  more  naturally  reprefen t the 
movements  they  are  intended  to  explain  and  illuftrate,  than 
the  terreftrial  and  celeftial  globe,  which  are  alio  applied  to 
relolve  fome  of  the  problems  of  the  fphere,  which  they  molf 
readily  do.  I believe,  however,  that  whoever  applies  to 
Vol.  LXXIX.  B them 
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them  for  the  laft  mentioned  purpofe,  will  find  them  more 
defective  in  fome  refoedls  than  thev  are  in  others. 

i-  •/ 

The  difficulty  that  has  occurred  in  fixing  a femicircle,  fo 
as  to  have  a center  in  the  zenith  and  nadir  points  of  the  globe, 
at.  the  fame  time  that  the  meridian  is  left  at  liberty  to  raife  the 
pole  to  its  defired  elevation,  I fuppofe,  has  induced  the  globe- 
makers  to  be  contented  with  the  frip  of  thin  flexible  brafs, 
called  the  quadrant  of  altitude ; and  it  is  well  known  how 
imperfectly  it  performs  its  office. 

The  improvement  i have  attempted,  is  in  the  application  of 
a quadrant  of  altitude , of  a more  folid  conftrudtion  ; which 
being  affixed  to  a brafs  focket  of  fome  length,  and  this  ground* 
and  made  to  turn  upon  an  upright  fteel  fpindle,  fixed  in  the 
zenith,  fteadily  directs  the  quadrant , or  rather  arc , of  altitude 
to  its  true  azimuth , without  being  at  liberty  to  deviate  from  a 
vertical  circle  to  the  right  hand  or  left : by  which  means  the 
azimuth  and  altitude  are  given  with  the  fame  exaCtnefs  as  th 6 
meafure  of  any  other  of  the  great  circles. 

With  refpeft  to  the  horary  circle,  as  the  common  application 
feems  very  convenient  on  account  of  the  ready  adjuftment  of 
its  index  to  anfwer  the  culmination  of  any  of  the  heavenly 
bodies ; and  as  I find  that  a circle  of  four  inches  diameter  is 
capable  of  an  aftual  and  very  diflinguifhable  divifion  into  720 
parts,  anfwerable  to  two  minutes  of  time  each,  which  may  ferve 
a globe  of  the  largeft  fize  ; it  feems  that  it  fhould  rather  be  im- 
proved than  omitted  ; and,  if  inftead  of  a pointer , an  index flroke 
is  ufed  in  the  fame  plane  with  that  of  the  divifions,  the  fingle 
minutes,  and  even  half  minutes,  may  be  readily  diftinguiffied. 

This  globe,  though  mounted  merely  as  a model  for  experi- 
ment, and  only  nine  inches  in  diameter,  appears  capable  of 
bringing  out  the  foiution  to  a quarter  of  a degree ; which,  I 

appre- 
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apprehend,  may  be  efteemed  fufficient  not  only  as  a cb -ck 
upon  numerical  computation,  but  to  come  near  enough  to  bid 
ftars  in  the  day-time  in  the  field  of  telcfcopes,  which,  h h.  . 
no  equatorial  motion,  are  only  capable  of  direction  in  alfti; 
and  azimuth  ; but  from  globes  of  a larger  fizc,  vve  may  expect 
to  come  proportionably  nearer. 

Explanation  of  the  figures , Plate  I. 

The  figures  1.  and  2.  being  different  views  of  the  fame 
things,  AB  reprefents  a line,  in  common  to  both,  in  the  fur- 
face  of  the  horizon,  which  here  is  of  brafs. 

CD,  CD,  are  vertical  lines,  fuppofed  to  pafs  through  the 
center  of  the  globe  in  each  figure  ; and 

EFG,  EFG,  are  portions  of  great  circles  of  the  globe. 

Fig.  1.  fuppofes  the  fpedlator  looking  at  the  apparatus  of 
the  globe  from  the  fouth  point  of  the  horizon  ; therefore  the 
circular  arch  EFG,  in  this  pofition,  will  be  a part  of  the 
prime  vertical , and  the  fmall  paralellogram  HI  is  fuppofed  to  be 
a fedlion  of  the  brafs  meridian,  according  to  that  vertical  plane. 

Fig.  2.  is  a view  of  the  fame  parts,  the  fpe&ator  being 
fuppofed  to  look  at  them  from  the  wreft  point  of  the  horizon  ; 
and  in  this  pofition  HI  is  fuppofed  to  be  a portion  of  the  brafs 
meridian.  This  being  fixed  in  mind,  in  what  follows  the  fame 
letters  denote  the  lame  parts  in  both  figures. — KLM  denotes 
a piece  of  brafs,  or  brafs  carriage,  made  to  fit  upon  the  ver- 
tical part  of  the  meridian,  and  capable  of  Aiding  f on  each 
fide  of  that  point,  fo  as  to  adjuft  to  it,  and  to  fix  fall:  there,  by 
means  of  the  finger  ferew  N *.  This  piece  of  brafs  carries 

* The  holes  reprefented  in  the  portion  of  the  brafs  meridian  (HI,  fig.  2.'  are 
ferew  holes  at  five  degrees  difiance,  in  this  quarter  of  the  circle,  into  any  ot 
which  the  finger  ferew  N is  to  be  put  as  occalion  may  require;  the  Jl  t allowing 
fufficiently  for  a dj ulhnen t* 
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the  feet  fin  die  PQ,  which  is  firmly  focketed  into  it  at  K, 
according  to  the  dotted  lines  o r,  o r.  The  axis  of  this  fpindle  is 
therefore  capable  of  being  fet  upright  upon  the  zenith  point , 
and  to  maintain  that  pofition  with  a fufncient  degree  of  fitm- 
nefs. — Ry,  Ry,  reprefents  the  fecfion  of  a brafs  focket  made  to 
fit  the  fpindle,  and  turn  round  freely  upon  it ; and  when  home 
to  the  (houlder  at  00,  to  turn  without  fhake  ; the  focket  and 
fpindle  being  a fmall  matter  taper,  and  ground  together.  On 
one  fide  of  the  focket  is  firmly  fixed  the  arm  ST,  by  {crews  or 
folder.  — UVV  is  an  arch  of  So  degrees,  ferving  inftead  of  the 
quadrant  of  altitude,  and  of  the  fame  fob  fiance  as  the  meri- 
dian. This  is  firmly  fcrewed  to  the  arm,  and  adjufted  by 
conftruCtion,  fo  that  when  the  fpindle  is  vertical,  the  face  of 
this  arch  fhall  make  part  of  a vertical  circle. — This  arch  being 
a portion  of  a circle,  of  the  fame  diameter  as  the  brafs  meri- 
dian, when  its  point  zero  at  W refts  upon  the  brafs  horizon, 
its  infide  furface  is  made  to  agree  with  that  of  the  horizon 
by  means  of  a fmali  thin  nib  of  brafs  ; that  being  attached  to 
the  infide  of  the  bottom  of  the  quadrant  of  altitude  at  W,  and 
projecting  a little  below  it,  gently  bears  againft  the  infide 
of  the  horizon,  in  fubftance  occupying  about  half  the  clearance 
between  the  body  of  the  globe  and  its  furrounding  horizon  ; 
this  nib9  feen  edgeways,  is  fhewn  at  the  letter  X.  By  this 
means  the  altitude  of  the  objeCt  is  fhewn  upon  the  working  face 
of  the  quadrant,  and  the  quadrant’s  bottom  fhews  the  azi- 
muth upon  theTorizon  ; at  the  fame  time  the  globe  is  free  to 
revolve  upon  its  axis,  clear  of  all  the  circles* 

The  quadrant  might  be  made  complete  to  90°  ; but  as  in 
thele  middle  latitudes  there  is  very  little  bufmefs  for  azimuths 
when  the  altitudes  are  above  8o°,  and  as  I judged  it  eligible, 
that  the  quadrant  fhould  be  made  capable  of  working  on  both 
lides  the  meridian  ; that  would  be  prevented  by  the  n e cellar y 
2.  thicknefs 
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thicknefs  that  the  circles  require  to  give  them  folidity,  in  con- 
tradiftin&ion  to  mathematical  planes  ; unlefs  a part  of  a qua- 
drant was  cut  out  next  the  vertex  to  give  them  clearance  : by 
th  is  means  the  arch  being  lifted  up  from  the  fpindle,  and  put 
on  the  other  fide  of  the  brafs  meridian  for  the  afternoon,  it 
will  then  come  within  io°  or  150  of  the  meridian;  and  if  the 
the  of  this  fpace  fhould  be  wanted,  it  can  be  fupplied  by 
reverting  the  timilar  operation  for  the  morning;  and  the  back 
fide  of  the  upper  end  of  the  quadrant  at  U being  champered, 
or  bevilled  off,  this  will  admit  it  to  come  as  near  to  the  meri- 
dian as  I have  mentioned. 

The  fteel  fpindle  is  eafily  adjufted  to  the  zenith ; for  the 
globe  being  rectified  to  its  latitude , fet  the  brafs  carriage  at 
liberty,  bring  the  quadrant  and  meridian  together,  face  to 
face,  and  Aide  the  carriage,  till  the  lower  extremity  of  the 
quadrant  huts  upon  the  horizon,  and  there  ferew  it  faff 

It  is,  however,  to  be  noted,  that  I have  found  fomething 
neceffary  by  way  of  holdfaji , to  prevent  the  brafs  meridian  from 
(Lifting  its  latitude,  and  that  without  confining  it  in  any  other 
refpe£l. — What  1 have  found  to  anfwer  this  purpofe  is  repre- 
fented,  fig.  3.  The  crutch-like  piece  of  wood  ABC  is  (hewn 
as  feen  looking  right  down  upon  it.  The  circle  DE  is  the  hori- 
zontal fe£tion  of  the  fouth  pillar  of  the  globe.  The  ftrong  wire 
pin  FG,  that  goes  through  the  two  arms  of  the  crutch  and  pillar, 
lerves  as  an  axis  upon  which  its  other  extremity  at  JB  is  at  free 
liberty  to  lift  up  and  down,  but  without  lhake  upon  the  pin  ; 
and  the  whole  being  fplit  with  a fine  faw,  from  B to  H,  the  notch 
BKi  lays  hold  of  the  under  fide  of  the  brafs  meridian,  and  by 
tightening  the  finger  ferew  LM,  it  firmly  clips  it,  and  retains 
it  in  any  given  polition.  And  that  it  may  be  under  no  confine- 
ment croJs-waysr  the  hole  in  the  pillar  is  opened  on  both  tides, 
* -v  ■ as 
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as  file wn  in  the  fedlion,  to  give  it  liberty  of  accommodation  ; 
the  pin  being  fall:  in  the  two  ends  of  the  crutch,  and  turning 
gently  in  the  pillar ; the  whole  being  {lender  and  compliant, 
except  in  point  of  length. 

N.  B.  Thofe  that  would  ufe  the  globe  to  the  beft  advantage 
to  folve  problems,  fliould  be  careful  to  get  a juft  declination, 
as  alfo  a dijlinffi  point  to  mark  it ; and  as  the  circles  and  divilions 
upon  the  furface  of  the  globe  itfelf,  are  not  always  fufticiently 
to  be  depended  on  for  this  purpofe,  I have  found  the  following 
expedient  fully  to  anfwer.  Chufe  any  plain  white  part  of  the 
globe’s  furface,  anfwerable  to  the  declination  given,  and  with 
the  point  of  a needle  or  protradling  pin,  by  the  help  of  the 
divilions  of  the  brafs  meridian,  mark  a line  point  upon  the 
blank  furface  of  the  globe,  and  upon  this  point  make  a dot 
with  ink,  with  the  fmall  point  of  a pen,  which  rub  off  with 
the  finger,  and  it  will  leave  a fine  black  fpeck  behind.  This 
dot  being  brought  to  the  meridian,  redlify  the  horary  index 
to  it,  and  it  will  accurately  reprefent  the  center  of  the  celeftial 
body  whofe  inveftigation  is  wanted. 
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II.  Objections  to  the  Experiments  and  Obfervatlons  relating  to  the 
Principle  of  Acidity , the  Compqfition  of  Water , and  Pb!o- 
gifton , confidered ; wVZr  farther  Experiments  and  Obfervatlons 
on  the  fame  Subject . By  the  Rev . Jofeph  Prieftley,  LL.D. 
F,  F ' 

Read  November  27,  1788. 

HAVING  never  failed,  when  the  experiments  were  con- 
duced with  due  attention,  to  procure  fome  acid  when* 
ever  I decompofed  dephlogifticated  and  inflammable  air  in 
clofe  veffels,  I concluded  that  an  acid  was  the  necefiary  refuit 
of  the  union  of  thofe  two  kinds  of  air,  and  not  water  only  ; 
which  is  an  hypothefls  that  has  been  maintained  by  Mr.  La- 
voisier and  others,  and  which  has  been  made  the  bafts  of 
an  inti  rely  new  fyftem  of  chemiftry,  to  which  a new  fyftem  of 
terms  and  characters  has  been  adapted.  The  faCts  that  I 
alleged  were  not  difputed ; but  to  my  conclufion  it  was  ob- 
jected, that  the  acid  I procured  might  come  from  the  phlo- 
gifticated  air,  which  in  one  of  my  proceffes  could  not  be 
excluded ; and  that  it  was  reafonable  to  conclude  that  this 
was  the  cafe,  becaufe  Mr.  Cavendish  had  procured  the  fame 
acid,  viz.  the  nitrous,  by  decompofing  dephlogifticated  and 
phlogifticated  air  with  the  eleCtric  fpark.  In  other  cafes  it  has 
been  faid,  that  the  fixed  air  I procured  came  from  th  z plumbago 
in  the  iron  from  which  my  inflammable  air  had  been  extracted. 

With  refpeCt  to  the 'former  of  thefe  objections  I would  ob- 
ferve,  that  my  procefs  is  very  different  from  that  of  Mr. 

Cavendish  ; 
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Cavendish  ; his  decompofttion  being  a very  flow  one  by  elec- 
tricity, and  mine  a very  rapid  one  by  Jimp  le  ignition , a procefs 
by  which  phlogifticated  air,  as  I found  by  actual  trial,  was  not 
at  all  affected  ; the  dephlogifticated  and  inflammable  airs  unit- 
ing, and  leaving  the  phlogifticated  air  (as  they  probably  would 
any  other  kind  of  air  with  which  they  might  have  been 
mixed)  juft  as  it  was. 

I would  alfo  obferve,  that  there  is  no  contradiction  whatever 
between  Mr.  Cavendish’s  experiment  and  mine,  fince  phlo- 
gifticated air  may  contain  phiogifton,  and  by  means  of  electri- 
city this  principle  may  be  evolved,  and  unite  with  the  dephlo- 
gifticated air  (or  with  the  acid  principle  contained  in  it)  as  in 
the  procefs  of  Ample  ignition  the  fame  principle  is  evolved  from 
inflammable  air,  in  order  to  form  the  lame  union  ; in  confe- 
quence  of  which,  the  water,  which  was  a necefiary  ingredient 
in  the  compofltion  of  both  the  kinds  of  air,  is  precipitated. 
That  in  other  circum fiances  than  thofe  in  which  I made  the 
.experiments,  the  acid  wholly  efcaped,  and  nothing  but  water 
was  found,  may  be  eafily  accounted  for,  from  the  fmall  quan- 
tity of  the  acid  principle  in  proportion  to  the  water,  and  the 
extreme  volatility  of  it,  owing,  I prefume,  to  its  high  phlo- 
giftication  when  formed  in  this  manner. 

In  order  to  afcertain  the  effect  of  the  prefence  of  phlogifti- 
cated air  in  this  procefs,  I now  not  only  repeated  the  experi- 
ment of  mixing  a given  quantity  of  phlogifticated  air  with  the 
two  other  kinds  of  air,  and  found,  as  before,  that  it  was  not 
affefted  by  the  operation;  but  I made  the  experiment  with 
atmcfpheric  air,  inftead  of  dephlogifticated.  Since  the  air  of 
the  atmofphere  contains  a greater  proportion  of  phlogifticated 
air,  it  might  be  expected  that,  if  the  acid  I got  before  came 
from  the  fmall  quantity  of  phlogifticated  air  which  I could 

not 
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not  poffibly  exclude,  i ffiould  certainly  get  more  acid,  when, 
ffiftead  of  endeavouring  to  exclude  it,  I purpofely  introduced  a 
greater  quantity.  But  the  confequence  was  the  production  of 
much  lefs  acid  than  before,  the  liquor  I procured  being  fome* 
times  not  to  be  diftinguiffied  from  pure  water,  except  by  the 
greateft  attention  poffible : for  though  the  decompofition  was 
made  in  the  fame  copper  veflei  which  I ufed  in  the  former 
experiments,  there  was  now  no  fenfible  tinge  of  green  colour 
in  it. 

When  I repeated  this  experiment  in  a glafs  veflei,  I per- 
ceived, as  I imagined,  the  reafon  of  the  fmall  produce  of  acid 
in  thefe  new  circumfiances : for  the  veflei  was  filled  with  a 
vapour  which  was  not  foon  condenfed,  and  being  diffufed 
through  the  phlogifticated  air  (which  is  not  affeCted  by  the 
procefs)  is  drawn  away  along  with  it,  when  the  exhaufting  of 
the  tube  is  repeated  ; whereas,  when  there  is  little  or  no  air  in 
the  veflei  befides  the  two  kinds  which  unite  with  each  other, 
and  are  decompofed,  the  acid  vapour,  having  nothing  to  attach 
itfelf  to  and  fupport  it  (by  being  entangled  with  it)  much 
fooner  attacks  the  copper,  making  the  deep  green  liquor  which 
I have  deferibed.  Sometimes,  however,  I have  procured  a 
liquor  which  was  fenfibly  green  by  the  decompofition  of  atmo- 
fpheric  and  inflammable  air,  but  by  no  means  of  fo  deep  a 
colour,  or  fo  fenfibly  acid,  as  when  the  dephlogifticated  air  is 
ufed. 

The  extreme  volatility  of  the  acid  thus  formed  (and  which 
accounts  for  the  efcape  of  fome  part  of  it  in  all  thefe  pro- 
cefles)  is  apparent  from  this  circumftance,  that  if  the  explo- 
fions  be  made  in  quick  fuccefiion  (the  tube  being  exhauflfed 
immediately  after  each  of  them,  and  filled  again  as  foon  as 
poffible)  no  liquor  at  all  will  be  collected,  the  whole  of  the 
Vql.  LXXIX.  C-  acid 
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acid  vapour,  together  with  the  water  with  which  it  was  com- 
bined, being  drawn  off  uncondenfed  in  every  procefs.  I once 
made  twenty  fucceffive  explofions  of  this  kind,  in  a copper 
tube,  out  of  which  I found  that  I drew  37  ounce  meafures  of 
air  by  the  adlion  of  the  pump,  and  found  not  a Angle  drop  of 
liquid,  though  near  an  hour  was  employed  in  the  whole  pro- 
eefs,  and  the  veffel  was  never  made  more  than  a little  warmer 
than  my  hand.  This  was  a degree  of  heat  by  no  means  fuf- 
ficient  to  keep  the  whole  of  any  quantity  of  water  in  a ftate 
of  vapour;  and  is  a circumftance  that  of  itfelf  fufficiently 
proves,  that  the  vapour  did  not  confift  of  water  only. 

Indeed,  I think  it  impoffible  for  any  one  to  fee  this  vapour 
in  a tall  glafs  veffel,  and  efpecially  to  obferve  how  it  falls  from 
one  end  of  it  to  the  other,  and  the  time  that  is  required  to  its 
wholly  difappearing,  without  being  fatisfied  that  it  confifts  of 
fomething  elfe  than  mere  water,  the  vapour  of  which  would  be 
more  equally  diffufed.  If  the  appearance  to  the  eye  (hould 
flail  to  convince  any  perfon  of  this*  the  fenfc  of  fmell  would 
do  it : for  even  in  a glafs  veffel  it  is  very  offenfive,  though  it 
might  not  be  pronounced  to  be  acid * I conjedture,  how- 

ever, that  this,  and  every  other  fpecies  of  fmell , is  produced  by 
fome  modification  of  the  acid  or  alkaline  principle.  Some  may 
be  difpofed  to  afcribe  this  fmell  to  the  iron  from  which  the 
inflammable  air  was  produced;  but  the  fmell  is  the  fame,  or 
nearly  fo,  when  the  air  is  from  tin,  and  would  probably  be  the 
fame  if  it  were  from  any  other  fubftance. 

Befides  ufing  atmofpheric  air,  which  contains  a greater  pro- 
portion of  phlogiftieated  air,  I have  fometimes  ufed  dephlogifti- 
cated  air  which  was  not  very  pure;  and  in  this  cafe  I have 
always  obferved,  that  the  liquor  I procured  had  lefs  colouiy 
and  was  lefs  fenfibly  acid. 
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Thefe  obfervations  might,  I fhould  think,  fatisfy  any  rea- 
sonable perfon,  that  the  acid  liquor  which  I procured  by  the 
explofion  of  dephlogifticated  and  inflammable  air  in  clofe  veflels 
did  not  come  from  the  phlogifticated  air  which  could  not  be 
excluded,  whether  it  was  that  which  remained  in  the  vefiel 
after  exhaufting  it  by  the  air  pump,  or  that  with  which  the 
dephlogifticated  air  was  more  or  lefs  contaminated. 

But  befides  thefe  experiments,  in  which  I procured  the 
green  acid  liquor  by  the  explofion  of  dephlogifticated  and  in- 
flammable air  in  clofe  veffels,  I made  another,  to  which  I 
thought  the  fame  objection  could  not  have  been  made,  becaufe 
no  air  pump  was  ufed  in  it,  and  nothing  but  the  pureft  dephlo- 
gifticated air  was  employed,  being  feparated  in  the  procefs  from 
precipitate  per  fe  in  con  tail  with  the  pureft  inflammable  air  in  a 
glafs  veflel  which  had  been  previoufly  filled  with  mercury. 
Accordingly,  the  only  objection  made  to  this  experiment  was, 
that  the  preparation  I made  ufe  of  might  be  impure,  contain- 
ing fomething  which  might  yield  phlogifticated  air.  This 
appeared  to  me  highly  improbable,  as  the  precipitate  had  been 
made  by  M.  Cadet,  and  for  the  purpofe  of  philofophical 
experiments.  Befides,  if  the  heat  of  a burning  lens  fhould 
diflodge  phlogifticated  air  from  any  unperceived  impurity  in 
this  preparation,  mere  heat  will  not  decompofe  this  air.  Let 
any  perfon  try  the  effefl:  of  a lens  on  fuch  air,  or  any  fub- 
ftance  containing  it,  and  produce  an  acid  if  he  can. 

M.  BerthodLet,  however,  thinking  that  this  might  be 
the  cafe,  defired  that  I would  fend  him  a fpecimen  of  my  pre- 
cipitate per  fe.  Accordingly,  I fent  him  all  that  remained  of 
it  ; and,  in  return,  he  fent  me  a quantity  on  the  goodnefs  of 
which  I might  depend.  With  this  preparation  I repeated  my 
former  experiment;  and,  by  giving  more  attention  to  the 
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procefs,  found  it  to  be  far  more  deciiively  conclufive  in  favour 
of  my  opinion  than  I had  imagined.  In  the  former  experiment  I 
had  attended  only  to  the  drop  of  water  which  was  found  in  the 
veflel  in  which  the  procefs  was  made ; and  finding  that  it 
turned  the  juice  of  turnfole  red,  I concluded,  that  it  contained 
nitrous  acid  : but  I now  examined  the  air  that  remained  in  the 
veflel,  and  found  that  a confiderable  proportion  of  it  was  fixed 
air ; fo  that  I am  now  fatisfied  this  was  the  acid  with  which  it 
was  impregnated,  and  not  the  nitrous.  Still,  however,  fome 
acid  is  the  conftant  refult  of  the  union  of  the  two  kinds  of 
air,  and  not  water  only.  A quantity  of  the  fame  precipitate 
per  Je  yielded  no  fixed  air  by  heat* 

Comparing  this  experiment  with  that  in  which  iron  is  ignited 
in  dephlogifticated  air,  this  general  conclufion  may  be  drawn, 
viz.  that  when  either  inflammable  or  dephlogifticated  air  is 
extracted  from  any  fubftance  in  contact  with  the  other  kind  of 
air,  fo  that  one  of  them  is  made  to  unite  with  the  other  in 
what  may  be  called  its  nafcent  Jlaie , the  refult  will  be  fixed  air  ; 
but  that  if  both  of  them  be  completely  formed  before  their 
union,  the  refult  will  be  nitrous  acid .. 

It  has  been  faid,  that  the  fixed  air  produced  in  both  thefe 
experiments  may  come  from  the  plumbago  in  the  iron  from 
which  the  inflammable  air  is  obtained.  But  fince  we  afcertain. 
the  quantity  of  plumbago  contained  in  iron  by  what  remains  after 
Its  folution  in  acids,  it  is  in  the  higheft  degree  improbable,  that 
whatever  plumbago  there  may  be  in  iron,  any  part  of  it  fhould 
enter  into  the  inflammable  air  procured  from  it.  Befides,  ac- 
cording to  the  antiphlogiftic  hypothefis,  aU  inflammable  air 
comes  from  water  only. 

As  it  cannot  be  faid,  that  any  real  fixed  air  is  fouud  in  in- 
flammable air  from  iron  (fince  it  is  not  difcoverable  by  lime- 
h water) 
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water)  it  muft  be  fuppofed,  that  the  elements,  or  compo- 
nent parts  of  fixed  air  are  in  it ; but  one  of  thefe  elements  is 
pure  air,  and  the  mixture  of  nitrous  air  fhews,  that  it  contains 
no  fuch  thing,  though,  according  to  M.  Lavoisier,  fixed 
air  contains  72  parts  in  100  of  pure  air. 

However,  being  apprized  of  this  objection  to  inflammable  air 
from  iron,  I made  ufe  of  inflammable  air  from  tin,  and  I had  the 
fame  refult  as  with  that  from  iron.  I alfo  calculated  the  weight 

o 

of  the  fixed  air  which  1 got  in  the  procefs,  and  comparing 
it  with  the  plumbago  which  the  iron  neceflary  to  make  the 
inflammable  could  have  contained,  I found,  that,  in  all  the 
cafes,  it  far  exceeded  the  weight  of  the  plumbago ; fo  that  it 
was  abfolutely  impoflible,  that  the  fixed  air  which  I found 
fhould  have  had  this  origin.  For  the  greater  fatis faction,  I (hall 
recite  the  particulars  of  a few  experiments  of  this  kind. 

In  ten  ounce  meafures  of  inflammable  air  from  malleable 
iron  I revived  red  precipitate  till  there  remained  only  1.1  oz. 
meafure  of  air,  and  of  this  0.07  oz.  m.  was  fixed  air,,  beings 
completely  abforbed  by  water.  The  weight  of  this  air  would 
be  0.063  gr.  But,  ^lice  96°  grains  of  iron  will  yield  1054 
oz.  meafures  of  inflammable  air,  the  iron  employed  in  procuring 
all  the  inflammable  air  that  was  ufed  in  this  experiment,  viz* 
8.9  oz.  meafures  (without  allowing  for  any  that  went  to  the 
revivification  of  the  mercury)  would  be  8.1  grains;  and  fince 
M.  Bergman  fuppofes,  that  100  grains  of  iron  contains  0.12 
gr.  of  plumbago,  the  quantity  of  it  in  this  iron  would 
only  be  0.01008  gr.  which  is  not  quite  a fixth  part  of  the 
weight  of  the  fixed  air. 

With  the  precipitate  perfe,  fent  me  by  M.  Bertholletv 
I revived  mercury  till  8f  oz.  m.  of  inflammable  air  was  reduced 
to  zi  oz.  m.*  and  of  this  0,04  oz,  at  leaft  was  fixed  air. 

TThis 
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This  is  not  quite  fo  much  in  proportion  as  in  the  preceding 
experiment,  but  abundantly  more  than  the  weight  of  the 
plumbago. 

In  8 oz.  m.  of  inflammable  air  I revived  minium  (which  I 
found  to  have  exadlly  the  fame  effedt  in  this  procefs  as  red  pre- 
cipitate, or  precipitate  per  fe ),  till  it  was  reduced  to  1.2  oz. 
;m. ; and  of  this  0.028  oz.  m.  was  fixed  air,  which  would  ex- 
ceed the  weight  of  the  plumbago  more  than  three  times.  In 
reviving  lead  from  maflicot  (which  I prepared  by  expelling  the 
pure  air  from  minium)  I had  no  fixed  air  in  the  refiduum. 

In  7 oz.  m.  of  inflammable  air  from  tin  by  fpirit  of  fait, 
I revived  red  precipitate  till  it  was  reduced  to  1.1  oz.  m. ; and 
In  this  the  fixed  air  was  fomething  more  than  in  proportion  to 
that  in  the  laft  experiment. 

In  my  laft  volume  of  Experiments,  p.  30.  I mentioned  fome 
inftances  of  the  revival  of  red  precipitate  in  inflammable  air, 
without  finding  any  fixed  air,  though  in  one  1 perceived  a 
flight  appearance  of  it.  To  this  I can  only  fay,  that  I now 
always  find  it,  and  have,  in  the  preceding  cafes,  meafured  the 
quantity  of  it ; fo  that,  though  I did  not  find  any  before,  I 
muft  prefume  that  I did  not  ufe  the  fame  precautions  that  I 
did  at  this  time : and  it  is  poffible,  that  I might  not  attend  to 
the  effe£t  of  admitting  a large  quantity  of  water  to  a fmall 
quantity  of  fixed  air,  which  would  prefently  abforb  the 
greateft  part  of  it.  I alfo  think  I recollect,  that  I then  con- 
tinued the  procefs  as  far  as  I poffibly  could,  and  confequently 
left  very  little  air  in  the  vefiel ; whereas  I now  purpofely  left 
a good  deal,  that  the  admifilon  of  water  might  have  lefs 
effe£t  on  the  fixed  air  diffufed  through  it. 

This  alio  may  be  faid  in  favour  of  the  greater  accuracy  of 
*my  prefent  experiments*  that  they  intlrely  remove  a very  great 

difficulty* 
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difficulty,  which  I acknowledged,  p.  128.  in  finding  different 
rel alts  from  feemuigly  fimilar  circumflances ; whereas  I now 
finH  that  both  the  circumflances  and  the  refults  are  different,, 
Beiides,  the  poftive  evidence  of  actually  finding  a fubflance  is 
always  more  conclufive  than  the  negative  one,  of  not  finding 

it-  ' > 

I do  not  know  that  any  objection  can  be  made  to  the  inflam- 
mable air  from  tin9  as  this  metal  has  not  been  proved  to  con- 
tain plumbago.  I wiflied,  however,  to  repeat  this  experi- 
ment with  inflammable  air  from  fulphur . But  though,  when 
fleam  isffent  over  melted  fulphur,  a fmall  quantity  of  inflam- 
mable air  is  procured,  as  I obferved  in  my  laft  volume  of  expe- 
riments ; yet,  as  fulphur  cannot  part  with  much  phlogiflon9 
except  in  proportion  as  it  imbibes  pure  air,  to  form  oil  of  vitriol,, 

I could  not  in  this  manner  eafily  procure  enough  for  my 
purpofe. 

In  order  to  fupply  the  fulphur  with  pure  air,  I mixed  with 
it  a quantity  of  turbith  mineral ; but  this  made  it  yield  vitriolic 
acid  air,  though  in  great  abundance,,  there  not  being,  I ima- 
gine, water  enough  to  form  inflammable  air  : for  when  iron  is 
difiolved  in  concentrated  acid  of  vitriol,  yitriolic  acid  air  is  pro- 
duced; but  in  diluted  vitriolic  acid,  the  produce  is  inflammable  .* 
air.  With  a view  to  fupply  thefe  materials  with  water,  I 
fent  fleam  over  them;  but  it  did  not  combine  with  the  air, 
which  was  ftill  only  vitriolic  acid  air* 

Since,  however,  vitriolic  acid  air  unqueflionably  contains 
the  fame  principle  which  forms  the  inflammability  of  inflam* 
mable  air,  this  experiment  proves,  that  fulphur  is  not  that 
Ample  fubflance  which  the  antiphlogiftians  fuppofe  it  to  be; 
but  that  it  contains  phlogiflon.  Had  it  been  nothing  more 
than  a fubflance  which  had  a flrong  affinity  to  pure  air,  it  would 

have; 
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have  united  with  the  pure  air  from  the  turbith  mineral,  and 
have  made  vitriolic  acid ; but  no  vitriolic  acid  air  would  have 
been  produced. 

That  vitriolic  acid  air  contains  the  fame  inflammable  prin- 
ciple with  inflammable  air  is  evident  from  the  quantity  of 
vitriolic  acid  air  which  I produced  by  reviving  copper  from  blue 
vitriol  in  inflammable  air.  See  my  Experiments,  vol.  VI.  p. 
15.  Mr.  Kirwan  alfo  produced  this  air  from  fulphur  and  red 
precipitate.  See  his  Treatife  on  Phlogifton,  p.  29. 

When  I ufed  a fmall  quantity  of  fulphur  in  proportion  to 
the  turbith  mineral,  the  firft  produce  was  vitriolic  acid  air, 
and  afterwards  dephlogifticated  air,  from  the  turbith  mineral 
alone,  the  effect  of  the  fulphur  having  been  exhaufted. 

According  to  the  antiphlogiftic  theory,  phofphorus , as  well  as 
fulphur,  is  a Ample  fubftance ; and  when  it  is  ignited  imbibes 
pure  air,  and  thereby  becomes  the  phofphoric  acid,  without 
parting  with  any  thing.  But  I find,  that  after  the  accenfion 
of  it  in  dephlogifticated  air,  there  is  a confiderable  quantity  of 
fixed  air  in  the  refiduum ; and  this  fixed  air  could  only  be 
formed  by  the  union  of  the  dephlogifticated  air  in  the  veflel 
with  the  phlogifton  contained  in  the  phofphorus.  Mr.  Kir- 
wan had  a fimilar  refult  from  phofphorus  confined  in  atmo- 
Ipheric  air.  As  it  is  not  pretended,  that  there  is  any  plumbago  in 
phofphorus,  this  experiment  is  not  liable  to  the  objection  that 
has  been  made  to  thofe  in  which  inflammable  air  from  iron 
was  made  ufe  of. 

It  will  be  expected,  that  in  this  reply  to  the  objections  that 
have  been  made  to  my  experiments  eftablilhing  the  doctrine  of 
phlogifton,  I fhould  confider  what  has  been  alledged  by  MeflT. 
Lavoisier,  Berthollet,  and  de  Fourcroy,  in  favour  of 
their  new  fyftem,  in  their  Report  on  the  fubject  of  the  new 
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chemical  charadters  invented  by  Meff  Hassenfratz  and 
Adet,  fubjoined  to  the  new  Nomenclature  Chymique . I fhall 
therefore  notice  what  appears  to  me  to  be  mod  important  in 
that  publication. 

“ One  of  the  articles  of  the  modern  doctrine”  (of  which  they 
fay,  p.  31 1.  “ that  it  cofl:  more  than  twenty  years  labour,  which 
the  force  of  reafoning  has  obliged  many  celebrated  chemifts  to 
“ adopt,  and  in  favour  of  which  much  greater  numbers  are  ready 
“ to  decide;”  and  the  evidence  for  which  they  fay,  p,  301. 
“ is  the  mod  complete  chemical  proof),  which  feems  the 
u mod  folidly  eftablilhed,”  p.  298,  “ is  the  formation,  the 
<c  decompofition,  and  recompofition  of  water ; and  how  is 
4 6 it  poffible,”  they  add,  u to  doubt  of  it,  when  we  fee  that, 
“ in  burning  together  15  grains  of  inflammable  air  and  85  of 
(c  pure  air,  we  get  exaftly  100  grains  of  water;  and  when  we 
“ can,  by  decompofition,  find  again  thefe  fame  two  principles, 
“ in  the  fame  proportions  ?” 

To  this  I mud  fay,  as  I have  done,  Experiments,  vol.  VL  p. 
139.  (and  when  I wrote  that,  I was  myfelf  a believer  in  the 
decompofition  of  water),  that  I have  never  been  able  to  find 
the  full  weight  of  the  air  decompofed  in  the  water  produced 
by  the  decompofition ; and  that  now  I apprehend  it  will  not 
be  denied,  that  the  produce  of  this  decompofition  is  not  mere 
water,  but  always  fome  acid. 

As  to  the  fuppofed  decompofition  of  water  by  means  of 
iron,  I have  fhewn  that  it  is  a fallacy;  fince  the  iron  imbibes 
nothing  but  water  when  it  parts  with  its  phlogifton.  And  I 
have  obferved  (Experiments,  vol.  VI.  p*  83.),  that  when  this 
finery  cinder  is  reconverted  into  iron  by  inflammable  air, 
nothing  but  water  is  expelled  from  it;  and  that  the  refid u urn 
of  the  air  is  purely  inflammable,  without  containing  any  fixed 
Vol.  LXXIX,  D 
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air.  It  is  evident,  therefore,  that  the  iron  had  imbibed  pure 
water  only.  Had  the  iron  imbibed  dephlogifticated  air  from 
the  water,  and  not  water  itfelf,  there  feems  to  be  no  reafon 
why  fixed  air  fhould  not  be  found  in  this,  as  well  as  in  the 
exactly  fimilar  procefs  with  minium  and  precipitate  per  fe. 
Alfo,  it  can  never  be  fuppofed,  that  the  addition  which  iron 
gains,  of  one-third  of  its  weight,  is  from  air  contained  in 
fleam,  if  it  could  be  proved  to  contain  any ; becaufe,  if  there 
be  a fufficient  quantity  of  iron,  the  whole  of  the  water  will 
be  imbibed ; fo  that,  on  this  hypothecs,  water  muft  be  nothing 
but  dephlogifticated  air  condenfed. 

There  is,  I acknowledge,  a great  difficulty  in  explaining  the 
experiment  of  iron  firft  imbibing  water,  and  parting  with  phlo- 
giflon,  and  again  parting  with  its  water,  and  imbibing  phlo- 
giflon,  in  circumftances  of  heat  fo  nearly  fimilar  as  thofe  which 
I have  defcribed.  It  feems  as  if  the  affinity  of  iron  to  water  and 
to  phlogifton  was  each,  in  their  turns,  flronger  than  the  other. 
To  this  I can  only  fay,  that  the  whole  dodtrine  of  affinities, 
as  far  as  it  is  true,  is  founded  on  fadls ; and  thefe  are  clearly 
fuch  as  I have  reprefented ; and  that  a difference  of  circum- 
ftances, which  is  not  apparent  at  prefent,  may  become  fo 
when  we  fhall  have  given  fufficient  attention  to  them. 

In  order  to  fatisfy  myfelf  whether  any  thing  befides  water 
was  expelled  from  finery  cinder  by  heat,  I went  through  fimi- 
lar proceffes  with  this  fubflance  and  majjicot , from  which  all 
air  had  been  previoufly  expelled ; and  after  reviving  both  of 
them  in  inflammable  air,  I found  the  refults,  in  all  refpedts, 
the  very  fame.  The  refiduums  of  the  inflammable  air  were 
equally  free  from  fixed  air ; and  when  they  were  fired  with 
equal  quantities  of  dephlogifticated  air,  the  diminutions  of 
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bulk  were  very  nearly  the  fame,  lefs  than  when  the  original 
inflammable  air  was  ufed,  becaufe  all  the  impurities  in  the 
whole  quantity  were  retained  in  a fmall  refiduum,  the  metals 
having  imbibed  nothing  but  pure  phlogiftom  Alfo  the  in- 
flammable air  had  been  long  confined  by  water,  in  confequence 
of  which  it  is  always  altered  more  or  lefs.  The  particulars  of 
the  procefles  were  as  follows : 

The  finery  cinder  was  revived  in  7 oz.  m.  of  inflammable 
air,  which  was  thereby  reduced  to  ij  oz.  m. ; and  an  oz. 
m.  of  this  refiduum  being  fired  together  with  an  equal  Quan- 
tity of  dephlogifticated  air,  not  very  pure,  the  diminution  of 
both  was  to  28  divifions  of  a tube,  of  which  30  was  one  oz. 
m.  when  with  equal  quantities  of  the  fame  dephlogifticated 
and  the  original  inflammable  air  the  diminution  was  to  18. 

The  mafficot  was  reduced  in  8 oz.  m.  of  inflammable  air 
till  it  was  reduced  to  1 J oz.  m. ; and  after  the  procefs  with 
the  dephlogifticated  air,  the  diminution  was  to  29,  when  with 
the  original  inflammable  air  it  was  to  17}. 

In  both  the  refiduums,  after  the  explofion,  there  was  a 
flight  appearance  of  fixed  ah\  though  none  could  be  perceived 
before  the  explofion  ; but  in  both  cafes  it  was  fo  flight  that  it 
could  not  have  been  perceived  by  the  diminution  of  its  bulk. 
But  fince  both  fixed  air  and  nitrous  acid  are  produced  from  the 
fame  materials  in  different  circumftances,  it  cannot  be  thought 
extraordinary  if,  in  fome  cafes,  both  fliould  be  produced  at  the 
fame  time. 

M.  Lavoisier  and  his  affociates  farther  obferve,  p.  300. 
with  refpedl  to  my  experiments,  that  66  when  a calx  is  revived 
44  in  inflammable  air,  more  water  is  found  in  the  veifel  than  the 
44  weight  of  inflammable  air  that  difappears,  fo  that  it  could 
46  not  have  been  contained  in  that  air.”  They  only  refer  to 
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my  experiments  in  general ; but  as  they  fpeak  of  the  water 
produced  as  appearing  both  on  the  in  fide  of  the  veffel,  and  on 
the  fur  face  of  the  mercury,  it  can  be  no  or!  ' n Jme- experi- 
ment of  the  revival  of  iron  from  finerv  cinder;  n t;  ter 

•/ 

that  is  found  in  this  procefs  was  never  iuppofed  to  co-  e from 
the  little  that  is  contained  in  the  inflammable  air,  but  the 
much  greater  quantity  contained  in  the  binder. 

Before  I conclude  this  Paper,  I (hall  juft  mention  a few  cir- 
cumftances  attending  the  many  explofions  1 have  made  of  in- 
flammable and  dephlogifticated  air  in  the  long  metallic  and  glafs 
veflels  I have  made  ufe  of,  as  they  were  pretty  remarkable. 
The  explofions  were  made  by  a fmall  eledtric  fpark  at  one  end 
of  the  veffel,  and  the  greateft  force  of  the  explofion  was  always 
at  the  other  end.  No  tinned  iron  veffel  could  bear  many  of 
them  before  they  fwelled  out  at  that  end,  and  at  length  burfb ; 
and  even  the  flat  end  of  the  copper  veffel,  which  was  not  lefs 
than  one-tenth  of  an  inch  thick,  was  in  time  made  quite  convex, 
and  the  cylindrical  part  next  to  it  was  made  very  fenfibly 
wider  than  any  other  part  of  the  tube.  This  muft  have  been 
effe&ed  by  mere  force , and  not  by  heat ; for  the  hotteft  part 
of  the  tube,  after  every  explofion,  was  never  there,  but  always 
about  the  middle,  though  fomething  nearer  to  that  end  than 
the  other,  and  in  the  glafs  veffel  the  denfe  cloud  was  always 
formed  at  that  end. 

The  probability  is,  that  the  air  where  the  ele&ric  fpark 
is  made  taking  fire  firft,  the  inflammation  does  not  extend 
itfelf  fo  rapidly  but  that  the  air  at  the  oppofite  end  is  firft 
condenfed,  in  confequence  of  the  inflammation  and  expanfion 
of  the  air  at  the  other  end,  fo  that  the  air  is  there  fired  in  a 
condenfed  ftate ; and  hence  its  greater  force* 
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OF  the  various  clafles  of  the  animal  kingdom,  no  one  has 
been  fo  little  attended  to  as  the  clals,  called  by  Lin- 
naeus, Amphibia.  What  he  himfelf  did  in  that  clafs  (though 
far  fuperior  to  what  any  other  perfon  has  done)  was  evidently 
done  in  a hurry ; falfe  references  are,  at  leaft,  as  common  in 
that,  as  in  any  other  part  of  his  works,  and  many  of  his 
deferiptions  are  given  in  a very  carelefs  manner ; others  there 
are,  however,  which  are  truly  worthy  of  their  author,  and 
in  which  the  fpecific  characters  are  pointed  out  with  that 
clearnefs  and  precifion,  which  fo  eminently  diftinguifh  the 
deferiptions  of  Linnaeus  from  thofe  of  all  his  predeceffors. 

In  the  conftru&ion  of  the  clafs,  Linnaeus  has  been  particu- 
larly unfortunate ; as  be  has  erred,  not  only  in  making  an  uni- 
locular heart  one  of  the  characters  of  it,  but  alfo  in  making 
the  cartilaginous  fiflies  a part  of  it.  I think  it  needlefs  to  men- 
tion the  caufes  which  led  him  to  this  latter  error ; every  ana- 
tomiftnow  agrees  that  the  Amphibia  Nantes  are  not  furniflied 
with  lungs ; and  every  naturalift  is  convinced  of  the  propriety  of 
removing  them,  from  the  clafs  of  Amphibia,  to  that  of  Fifhes. 
I fliall  only  obferve  that^  by  the  removal,  the  name  of  the 
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clafs  (which  fome  naturalifts  have  cavilled  at)  becomes  much 
lefs  objectionable  ; there  being  few  genera,  in  the  two  orders  of 
which  it  is  now  prefumed  to  confift,  which  do  not  contain 
animals  to  which  the  term  amphibious  may,  with  fome  pro* 
priety,  be  given  ; whereas,  in  the  order  of  Nantes,  not  one 
fpecies  occurs  which  has  the  fmalleft  claim  to  that  title.  With 
refpeCt  to  the  other  error  I noticed  (viz.  that  of  fuppofing  the 
hearts  of  the  Amphibia  to  be  fingle)  it  would  be  ealy  to  fhevv 
that  it  was  not  an  uncommon  one,  at  the  time  Linnteus 
formed  his  fyftem.  And  indeed  he  appears  to  have  been  led 
into  it,  by  following  an  author  whom  he  probably  fuppofed 
of  too  great  fame  not  to  be  fafely  relied  on.  At  leaft,  in  de- 
fence of  his  opinion,  he  quotes  the  following  words  of  Boer- 
haave.  <c  In  omnibus  animalibus  in  quibus fanguis  non  calet , ven- 
“ triculus  cordis  ef  unicusD  Whether  the  hearts  of  all  the  dif- 
ferent genera,  of  which  the  clafs  is  compofed,  have  yet  been  accu- 
rately examined  ; and  whether  an  exaCt  fimilarity  of  ftruCture  is 
found  throughout  the  clafs ; are  queftions  1 do  not  mean,  at 
prefect,  to  examine.  It  is  fufficient  for  my  purpofe  to  obferve, 
that  the  hearts  of  moft  of  the  Amphibia  are  now  well  known 
to  be  double,  with  an  immediate  communication  between  the 
‘two  cavities  ; which  ftruCture  feenis  peculiarly  adapted  to  that 
change  of  element,  which  (as  I before  obferved)  many  of  them 
can,  for  a time,  fnpport ; and  thereby  furnifhes  another  argu- 
meet  in  favour  of  the  name  Linn  a:  us  has  given  to  the  clafs. 

To  confider  the  ftruCture  of  the  heart,  however,  is  not 
abfoluteiy  neceflary  in  forming  the  characters  of  the  clafs  i 
the  animals  of  wHtch  it  confifts  being  fufficient ly  diftinguifhed 
from  all  others,  by  having  cold  red  blood,  and  breathing  by 
means  of  lungs.  Thefe  two  characters  render  the  clafs  per- 
fectly difti  nCt  from  the  reft  5 the  two  fuperior  ones,  viz. 
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Mammalia  and  Birds,  having  warm  blood  ; and  the  three  infe- 
rior ones,  viz.  Fifties,  Infects,  and  Worms,  not  being  fur- 
nilhed  with  lungs. 

In  his  generic  characters,  Linnjeus  has  been  more  fuccefsful 
than  in  thofe  of  the  clafs  ; infomuch  that  they  may,  I think, 
be  confidered  as  the  beft  hitherto  given.  Whoever  will  be  at 
the  pains  of  comparing  Linnaeus’s  genera  of  Amphibia  with 
thofe  of  Gronovius,  will  find,^  that  the  generic  characters  of 

the  former,  though  few  in  number,  are  precife.  and  diftinct ; 

/ 

while  thofe  of  the  latter,  though  more  numerous,  are  vague, 
indiftinCt,  and  fometimes  inaccurate.  As  a glaring  inftance 
of  inaccuracy,  I need  only  refer  to  the  Chamseleon,  which 
by  Gronovius  is  made  a diftinCt  genus,  of  which  one  of  his 
characters  is,  Pedes  unguibus  dejlituti\  whereas,  in  faCt,  the 
feet  of  that  animal  are  furnifhed  with  very  diftinCt,  and  pretty 
large,  claws. 

But  though  Linnaeus’s  genera  of  Amphibia  are,  upon 
the  whole,  well  formed,  it  muft  be  allowed  to  be  a great  im- 
perfection in  them,  that  the  venomous  ferpents  are  not  fepa- 
rated  from  the  others. 

From  fome  expreflions  of  his,  in  the  Preface  to  the  Mufeum 
Regis , and  in  the  Introduction  to  the  Clafs  Amphibia,  in  the 
Syjlema  Naturae,  itfeems,  that  he  thought  it  not  eafy  to  diftin- 
guilh  them,  by  any  external  characters  ; and  his  ideas  refpeCting 
the  venomous  fangs^  themfelves  were  (as  we  fhall  fee  hereafter) 
fo  vague  and  confufed,  that  it  was  hardly  pollible  for  him  to 
attempt  to  found  a generic  diftinCtion  upon  them  *. 

* As  a fort  of  comparative  excufe  for  Linnjeus,  it  may  be  obferved,  that 
Gronovius  (though  he  made  two  more  genera  of  Serpents  than  Linnjeus)  did 
not  feparate  the  venomous  ones;  neither  has  he  diftinguifhed  them  by  a mark  (as 
Linn^us  has)  or  by  any  other  means. 
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Whether  venomous  Serpents  can  be,  with  certainty,  diftin- 
guifhed  from  others,  and  if  fo,  how  they  are  to  be  known,  is 
what  I mean  to  confider  in  this  Paper ; in  doing  which  I fhall 
examine,  firft,  how  far  they  may  be  diftinguilhed  by  any  ex- 
ternal characters ; fecondly,  fuppofing  the  venomous  fangs  to 
be  the  only  certain  criterion,  how  thofe  fangs  are  to  be  diftin- 
guilhed  from  common  teeth. 

Though  Serpents,  by  their  internal  organization,  naturally 
belong  to  the  third  clafs  of  the  animal  kingdom,  they  are,  in 
their  external  form,  more  fimple  than  moft  of  the  animals 
belonging  to  the  three  inferior  claffes  ; their  external  characters 
muft  confequently  be  very  few.  I fhall  firft  examine  thofe  of 
the  head ; and,  as  all  venomous  Serpents  (fo  far  as  our  prefent 
experience  extends)  are  contained  in  the  three  firft  of  Lin- 
naeus’s genera,  I (hall,  at  prelent,  confider  only  thofe  three. 

In  the  firft  genus,  Crotalus,  the  head  is  broader  than  the 
neck,  deprefled  or  flat  at  top,  and  covered  with  fmall  fcales. 
Thefe  three  characters  are  particularly  obfervable  in  the  three 
intermediate  fpecies  horridus,  Dryinas,  and  Duriffus.  In  the 
miliarius  the  fcales  of  the  head  are  rather  larger  than  in  the 
others.  The  mutus  I have  never  feen  ; but  it  certainly  fhould 
not  be  placed  among  the  Crotali 

As  all  the  fpecies  of  this  genus  are  venomous,  one  is  natu- 
rally led,  by  the  examination  of  it,  to  confider  the  fore- 
' mentioned  characters  as  being,  in  lome  meafure,  proper  to 
venomous  ferpents.  In  order  to  fee  how  far  they  are  fo,  I (hall, 
for  the  prefent,  pafs  over  the  next  genus,  Boa,  and  confider 

# 'Linnjeus’s  reafon  for  not  placing  it  among  the  Boa?  feems  to  have  been, 
that  he  fuppofed  none  of  them  were  venomous.  He  appears,  however,  to  have 
had  his  doubts  about  the  contortrix*  I have  examined  it,  and  am  convinced  it  is 
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that  which  follows  it,  Coluber.  In  that  genus  are  many 
venomous  fpecies,  and  it  is  very  certain  that,  in  general,  they 
have  the  fore-mentioned  characters ; examples  of  which  may 
be  feen  in  the  Atropos,  Ceraftes  *,  atrox,  Berus,  and  others. 
It  is,  however,  equally  certain,  that  there  are  fame  in  which 
they  are  not  to  be  found.  As  an  example  of  this,  I need  only 
mention  the  Naja,  a fpecies  well  known  to  be  very  venomous ; 
the  head  of  which  is  neither  deprefled  nor  broad,  is  covered 
with  large  fcales,  and  is,  in  every  refpect,  a complete  exception 
to  what  has  been  faid,  refpefting  the  heads  of  venomous 
Serpents. 

Since  then,  there  are  venomous  Serpents  in  which  the 
fore-mentioned  characters,  viz . a broad  and  deprefled  head, 
covered  with  fmall  fcales,  are  not  to  be  found ; I [hall  next 
examine  whether  thofe  characters  are  to  be  found  in  any  of 
thofe  Serpents  which  are  not  venomous.  In  the  genus  Coluber 
there  are  very  few  (except  venomous  ones)  which  have  the 
head  much  broader  than  the  neck ; and  of  thofe  few,  I believe* 
every  one  has  the  head  covered  with  large  fcales.  But  in  the 
genus  Boa,  though  no  fpecies  is  venomous,  except  the  con- 
tortrix,  almofl:  every  one  has  the  head  broad,  deprefled,  and 
covered  with  fmall  fcales.  The  canina,  Conftrictor,  hortu- 
la£a,  befides  fome  others  not  defcribed  by  Linnaeus,  furnifli 

\ ^ 

* The  Ceraftes  is  not  marked  by  Linnjeus  as  a venomous  fpecies.  He  pro- 
yJbably  depended  upon  Hasselcluist’s  defcription,  which  I fufpeft  to  have  been 
tfnade  from  a mutilated  fpecimen.  Mr.  Ellis’s  defcription  in  the  Philofophical 
Tranfa6tions,  Vol.  LVI.  p.  287.  is  only  a Tranflation  of  Hasselquist’s.  But 
he  obferves,  that  Dr.  Turnbull  told  him  it  was  venomous.  That  it  is  fo,  I 
have  not  the  fmalleft  doubt,  though  in  the  only  fpecimen  I have  feen  of  it  the 
fangs  were  wanting.  Imperato,  who  has  given  a figure  of  it  (Hift.  Nat.  p.  784. 
Ed.  Nap.),  fays  it  is  very  venomous, 
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examples  of  this.  It  muft,  however,  be  con fe fled,  that  the  gene- 
ral character  of  the  head  of  the  Boa,  though  differing  very  widely 
from  that  of  thofe  Colubri  which  are  not  venomous,  is  not 
quite  that  of  the  Crotalus  ; but  the  difference,  though  very 
obvious  to  a perfon  accuftomed  to  the  examination  of  Serpents, 
is  perhaps  not  eafy  to  be  fully  exprefled  in  words.  It  feems, 
however,  to  confift  principally  in  a lateral  compreffion,  and 
elongation,  of  the  anterior  part  of  the  head,  fo  as  to  form  a 
kind  of  fnout.  Hence  the  trivial  name  of  canina  is  given  by 
LiNNiEUS  to  one  of  the  lpecies. 

From  the  characters  of  the  head  (as  the  trunk  affords  none 
deferving  confideration)  I fhall  proceed  to  thofe  of  the  other 
extremity. 

In  the  Crotali  I have  never  found  the  tail  (exclufive  of  the 
Rattle)  to  exceed  one-ninth  part  of  the  whole  length ; fome- 
timesl  have  found  it  much  fhorter.  In  fome  of  the  venomous 
Colubri,  the  proportion  is  ftill  lefs.  In  the  Atropos  I found  it 
only  one-thirteenth.  In  the  Englifh  Viper  (Coluber  Berus)  it 
Is  commonly  about  one-feventh  or  eighth.  In  fome  venomous 
lpecies,  however,  the  proportion  is  fomething  greater.  In  the 
Naja  I have  found  it  as  much  as  one-fixth ; which  proportion 
is,  I believe,  as  great  as  I have  ever  obferved  : but  that  I may 
he  fare  to  keep  within  the  truth,  I will  only  fay,  that  I have 
never  met  with  a venomous  Serpent,  the  tail  of  which  was 
equal  to  one-fifth  of  the  whole  length^. 

* The  tail  of  the  Boa  contortrix  is  faid  by  Linnaeus  to  be  one-third  ; but  his 
own  enumeration  of  the  Scuta  fufficiently  fhews  that  this  mud:  be  an  error.  The 
Coluber  Leberis,  Dipfas,  and  my£terizans  appear,  by  the  number  of  fcales 
under  their  tail,  to  furnifh  exceptions  to  what  I have  faid.  The  two  firft  I have 
never  feen,  but  fufpedt  they  are  not  venomous ; that  the  lafl  is  not  fo  I am  very  - 
terrain,  having  examined  many  fpecimens  of  it. 
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With  refpedt  to  thofe  Colubri  which  are  not  venomous,  it 
muff  be  confeffed,  that  there  are  many  whofe  tails  are  within 
the  limits  affigned  to  the  venomous  ones.  In  the  Coluber  ^Efcu- 
lapii,  doliatus,  getulus,  and  fome  others,  the  tail  is  not,  in 
general,  more  than  one-feventh  of  the  whole  length.  In  the 
lemnifcatus  I have  found  it  not  exceeding  one-twelfth  or 
thirteenth;  but  I know  no  other  Linnaean  fpecies  in  which  it 
is  fo  fhort.  In  the  greater  number,  however,  the  proportion  of 
tail  is  more  confiderable ; in  many,  it  is  full  one- third.  In  the 
Ahaetulla,  and  in  fome  fpecies  not  defcribed  by  Linnaeus,  I 
have  feen  it  more  than  two-fifths ; but  have  never  met  with  a 
fpecies  in  which  it  was  quite  fo  long  as  the  trunk,  or  half 
of  the  whole  length. 

I have  not  confidered  the  Bose,  becaufe  none  of  the  Linnaean 
fpecies,  of  that  genus,  have  their  tails  either  remarkably  long, 
or  (hort;  but,  in  two  fpecies,  not  defcribed  by  Linnaeus,  I 
found  the  tail  very  little  exceeding  the  proportion  I have  affigned 
to  the  Coluber  lemnifcatus. 

In  the  thicknefs  of  the  tail,  or  in  the  acutenefs  of  its  termina- 
tion, I have  obferved  no  difference  worth  remarking.  In  every 
fpecies  of  the  three  firft  genera,  the  tail  is  thinner  than  the  trunk ; 
and  in  mod  of  them  it  is  more  or  lefs  acute.  The  few  exceptions 
I have  obferved  were,  I believe,  none  of  them  venomous ; but 
they  are  too  few  to  deferve  any  particular  conff deration. 

A character  of  great  ufe  in  diftinguifhing  the  fpecies  of  Ser- 
pents, and  which  was  not  overlooked  by  Linnaeus,  is,  that 
elevated  line,  or  carina,  with  which  the  fcales  of  many  fpecies 
are  furnilhed.  In  order  to  fhew  how  far  this  is  to  be  confidered 
as  ferving  to  diftinguifh  venomous  Serpents  from  others,  I 
need  only  obferve,  that  I have  examined  one  hundred  and  twelve 
fpecies  of  Serpents,  not  venomous,  belonging  to  the  three  firft 
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genera  ; and  find  that  eighty  of  them  have  fmooth  fcales,  and 
thirty-two  only  have  carinated  ones.  Of  venomous  Serpents  I 
have  examined  twenty-fix  ; of  which  number,  twenty  have 
carinated  fcales,  and  only  fix  have  fmooth  ones.-  Upon  the 
whole,  therefore,  carinated  fcales  muft  be  confidered  as  being, 
in  feme  meafure,  a character  of  venomous  Serpents. 

In  what  I have  hitherto  faid,  I have  confidered  only  the 
three  firft  genera  of  Serpents ; I ihall  now  make  fome  remarks 
■upon  the  three  laft. 

Thefe  th  ree  (viz.  Anguis,  Amphifouena,  and  Caecilia),  be* 
fides  the  charafters  affigned  them  by  Linnjeus,  have  fome 
others  which  are  common  to  all,  and  which  render  them  verjr 
different,  in  their  external  appearance,  from  any  of  the  three 
firft  genera*  Thefe  are,  a very  thick  and  obtufe  tail,  and  a 
head  which  is  very  indiftindt  and  furnifhed  with  very  fmall 
eyes.  This  laft  character  (yh.  very  fmall  ^yes)  is  fometimes, 
though  very  rarely,  met  with  among  the  Colubri,  for  inftance, 
in  the  lemnifeatus ; in  the  three  laft  genera,  however,  it  takes 
place,  I believe,  without  exception.  The  thicknefs  of  the  tail  is 
alfo  common  to  every  fpecies ; and  though  in  the  Anguis  bipes, 
and  in  another  fpecies,  not  deferibed  by  Limnjeus,  but  figured 
in  Browne’s  Hiftory  of  Jamaica  (Tab.  XLIV.  fig.  i.  f),  the 
tail  has  an  acut£  termination,  yet  in  both  thofe  fpecies,  efpe* 
cially  in  the  laft,  it  continues  thick  to  the  end,  and  becomes 
fuddenly  (harp,  being  what  in  botanical  language  would  be 
called,  obtufa  cum  acumine . With  refpedt  to  the  proportionate 
length  of  tail,  however,  it  is  very  remarkable,  that  the  genus 

* This  indiftindtnefs  of  the  head,  which  is  more  or  lefs  commorr  to  each 
genus,  is  in  the  Amphilbama  fo  confiderable,  as  to  have  given  rife  to  the  fuppofi- 
tion  of  that  Serpent’s  having  a head  at  each  end. 

f This  figure  is,  by  LinnjSUs,  erroneoufly  quoted  as-  his  Anguis  turn- 
toealis*. 
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Anguis  affords\examples  of  much  lefs  proportion,  and  alfo  of 
much  greater,  than  is  to  be  found  in  any  of  the  three  ,firft 
genera.  In  the  An  guts  Scytale  the  tail  is  not  above  one-twen- 
tieth of  the  whole  length  ; in  the  maculata  it  is  not  above  one- 
fortieth  ; yet  in  the  Anguis  fragilis,  and  in  the  ventralis,  the 
tail  is  always  longer  than  the  trunk,  or,  in  other  words,  is  more 
than  half  the  whole  length.  Indeed,  in  one  fpecimen  of  the 
laft  mentioned  fpecies,  I found  the  tail  nearly  two-thirds  of  the 
whole  length.  It  may,  however,  be  queltioned  whether  that 
fpecies  is  really  an  Anguis,  or  a Idacerta*. 

I fhall  make  na  further  remarks  oirthe  external  characters  of 
Serpents  ; the  principal  inferences  to  be  deduced  'from  thofe  I 
have  already  made,  are  the  following. 

lft,  That  a broad  head,  covered  with  fmall  fcales,  though 
it  be  not  a certain  criterion  of  venomous  Serpents,  is,  with 
fome  few  exceptions,  a general  character  of  them. 

2dly,  That  a tail  under  one- fifth  of  the  whole  length,  is  alfo 
a general  character  of  venomous  Serpents;  but,  fince  many  of 
thofe  which  are  not  venomous  have  tails  as  (hort,  little  depen- 
dance  can  be  placed  upon  that  circumfbrnce  alone.  On  the 
other  hand,  a tail  exceeding  that  proportion,  is  a pretty  certain 
mark  that  the  fpecies,  to  which  it  belongs,  is  not  venomous. 

^dly,  That  a thin  and  acute  tail  is  by  no  means  to  be  confi- 
dered  as  peculiar  to  venomous  Serpents ; though  a thick  and 
obtufe  one  is  only  to  be  found  among  thofe  which  are  not 
venomous. 

The  Anguis  ventralis  of  Linnjeus,.  is  fo  very-  like  the  Lacerta  apoda, 
defcribed  by  Pallas,  in  Vol.  XIX.  of  the  Novi  Comment,  Petrop.  as  to  render 
it  doubtful  whether  it  may  not  be  the  fame.  When  I firft  examined  it,  I 
conlidered  it  as  a Lacerta,  on  account  of  the  projecting  future  along  the  body, 
and  the  open  ears ; but  I have  fince  met  with  a fpecimen  which  had  two  large 
echinated  Penes  (as  they  are  called)  a charadter  which  is,  I believe,  peculiar 
to  Serpents. 
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4'thly,  That  carinated  fcales  are,  in  fome  meafure,  cha- 
rade riftic  of  venomous  Serpents,  fince  in  them  they  are  more 
common  than  fmooth  ones,  in  the  proportion  of  nearly  4 to  1 ; 
whereas,  fmooth  fcales  are,  in  thofe  Serpents  which  are  not 
venomous,  more  common,  in  the  proportion  of  nearly  3 to  1. 

Upon  the  whole  therefore  it  appears,  that  though  a pretty 
certain  conjedure  may,  in  many  infiances,  be  made,  from  the 
external  charaders ; yet,  in  order  to  determine,  with  certainty, 
whether  a Serpent  be  venomous  or  not,  it  becomes  necefi’ary 
to  have  recourfe  to  fome  more  certain  diagnoftic.  This  can 
only  be  fought  for  in  the  mouth ; I fhall  therefore  next  con- 
iider,  how  the  fangs,  with  w7hich  the  mouths  of  venomous 
Serpents  are  furnifhed,  are  to  be  diftinguifhed  from  common 
teeth. 

To  thofe  who  form  their  ideas  of  the  fangs  of  venomous 
Serpents,  from  thofe  of  the  Rattle-fnake,  or  even  from  thofe 
of  the  Englifh  Viper,  it  will  appear  ftrange,  that  there  fhould 
be  any  difficulty  in  diftinguilhing  thofe  weapons  from  common 
teeth  ; and  indeed  the  diftindion  would  really  be  very  eafy,  were 
all  venomous  Serpents  furnifhed  with  fangs  as  large  as  thofe  of 
the  fore-mentioned  fpecies.  But  the  fad  is,  that  in  many 
fpecies  the  fangs  are  full  as  fmall  as  common  teeth,  and  con- 
fequently  cannot,  by  their  fize,  be  known  from  them  ; this 
is  the  cafe  with  the  Coluber  laticaudatus  *,  ladeus,  and  feveral 
others.  I cannot,  however,  better  demonftrate  that  the  dif- 
tindion, between  the  venomous  fangs  and  common  teeth,  is  not 
very  obvious,  than  by  fhewing  how  very  vague  and  erroneous 

* This  fpecies  is  by  Linnaeus  reckoned. venomous,  in  the  Mufeum  Regis, 
though  the  mark  is  not  affixed  to  it  in  the  Syftema  Naturae.  To  me  it  appears 
to  be  certainly  venomous,  and  is  the  only  water  Serpent  I have  met  with  that 
is  fo. 
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Linnaeus’s  ideas  about  them  were;  nor  can  I better  prove 
the  want  of  information  on  this  fubjed,  than  by  obferving 
that,  erroneous  as  the  ideas  of  Linnaeus  were,  no  one,  that 
I know  of,  has  yet  attempted  to  futnifli  more  corred  ones. 

Linnaeus  thought  the  fangs  might  be  diftinguilhed  by  their 
mobility ; this,  at  leaft,  may  be  fairly  inferred,  from  his  never 
mentioning  them  in  the  Mufeum  Regis,  without  adding  the 
epithet  mobilia , except  in  one  inftance  (the  Coluber  auli- 
cus) ; and,  in  that  very  inftance,  the  want  of  mobility  in 
the  fuppofed  fangs  appears  evidently  to  raife  doubts  in  his 
mind,  whether  they  are  really  fangs  or  note  His  words 
are,  “ Dentes , five  tela , duo , rigida , parva , non  mobilia 
Thefe  doubts,  refpeding  the  above-mentioned  fpecies,  I am 
not  able  to  remove,  as  I am  not  fure  that  I have  ever  feen 
it  But  with  regard  to  mobility,  confidered  in  general  as  a 
charader  of  venomous  fangs,  I muft  aflert,  not  only  that  I 
have  never  found  it  fq,  but  alfo,  that  I have  never  been  able  to 
difcover  in  them  any  thing  which  I thought  could  properly  be 
called  mobility.  I have,  indeed,  fometimes  found  fome  of 
them  loofe  in  their  fockets ; but  then  I have  found  others,  in 
the  fame  fpecimen,  quite  fixed.  The  fame  thing  was  ob- 
ferved  both  by  Dr.  Nicholes  +>  and  by  the  Abbe  Fontana  j, 
in  the  common  Viper,  even  during  life.  The  loofe  fangs  may 
be  fuch  as  have  not  yet  been  firmly  fixed  in  their  locket,  or 
they  may  have  been  loofened  by  fome  accident : for  I fufped 
that  the  fangs  may  be  at  any  time  loofened,  and  even  difplaced, 
by  a fmall  degree  of  violence  ; and  that,  perhaps,  may  be  one 

I have  feen  one,  which  agreed  pretty  well  with  LinnJLUs’s  description  ; if 
that  was  really  his  fpecies,  it-  is  not  venomous. 

f Appendix  to  Dr.  Mead’s  Account  of  the  Viper. 

% Fontana,  Traite  fur  le  Veiiin  de  la  Vipere,  chap.  I ft  and  2d. 
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reafon  why  there  is  always  a certain  number  of  fmall  fangs, 
near  the  bafe  of  the  full  grown  ones,  ready  to  enlarge  and 
take  their  place,  if  they  fhould  be,  by  any  accident,  tom 
out. 

LiNNiEus  feems  aKo  to  have  thought  that  the  fangs  might  be 
known  by  their  fituation.  In  the  Introduction. to  the  clafs  Am- 
phibia in  the  Syflema  Naturae,  he  fays  they  are,  44  Dentibus 
44 fimi Him  a fed  extra  maxi  l l a m fuperiorem  collocata  and  in  the 
defcription  of  the  Crotalus  Dryinas,  in  the  Amoenitates  Aca- 
demics, be  fays,  44  Dentes  ejus  duo  canini  uti  in  reliquis  vene- 
44  naiis  Serpentibus  non  in  maxillis  hrerent , Us  enim  vulnerando , 
u non  autem  iff  us  infiigendo  utiturd * 

■Thefe  two  quotations  fhew,  that  Linkjeus  thought  the 
fituation  of  the  fangs  different  from  that  of  the  common 
teeth ; the  lafl:  alfo  (hews  that  he  thought  their  mode  of  action 
influenced  by  it.  What  difference  in  fituation  may  be  found  by 
accurate  diffedtion,  it  is  foreign  from  my  prefent  purpofe  to 
enquire ; I am,  however,  very  certain  that  common  examina- 
tion * will  not  difcover  any  difference,  in  that  relpedt,  between 
the  fangs  of  venomous  Serpents,  and  the  teeth  of  others. 

But  the  moft  fingular  opinion  of  Linnasus,  refpedting  the 
venomous  fangs,  was,  that  they  were  fometimes  fixed  in  the 
bafe  of  the  jaw.  Of  this  he  has  given  two  inftances  in  the 
Mufeum  Regis.  One  in  the  defcription  of  the  Coluber  feverus, 
of  which  he  fays,  44  Haft  re  mobiles  folitarire  verfus  bafm  maxiU 
44  l arum  interim  adherent The  other  in  that  of  the  Coluber 
ftolaius.  His  words  there  are,  44  fela  mobilia  ad  bajin  maxil~ 

* By  common  examination  I mean  fuch  as  may  be  made  without  differing,  or 
otherwife  damaging,  the  fpecimen  to  be  examined  ; and  fuch  only  do  I fuppofe 
allowable  in  the  diltmcuon  I am  feeking  to  .eftablilh* 
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**  larum  affix  a,  ut  vix  vulnerare  vale  at  hojles,  folum  cibos  veneno 
“ inficereA 

Linnaeus’s  opinion  refpe&ing  the  ufe  of  the  fangs,  in  the 
laft  mentioned  fpecies,  appears  to  me.  not  very  clearly  ex- 
preffed*.  But  I have  quoted  both  defcriptions,  merely  to  (hew 
that  Linn.® us  thought  the  fangs  were  fometimes  placed  in 
the  bafe  of  the  jaw  ; an  idea  for  which  I have  never  been  able  to 
difcover  any  foundation.  Thefirftof  the  two  fpecies  in  queftion. 
I have  never  feen  ; of  the  ftolatus  1 have  examined  feveral 
fpecimens,  and  am  convinced  it  is  not  venomous. 

1 (hall  not  dwell  any  longer  on  the  falfe  notions  which  have 
been  entertained,  refpe£ting  the  fangs  of  venomous  Serpents, 
but  (hall  proceed  to  fhew  how,  in  my  opinion,  they  may  be  moft 
eafily,  and  moft  certainly,  diftinguifhed  from  common  teeth. 

With  refpedt  to  their  iize,  I have  already  obferved  that  it  is 
very  various,  confequently  no  certain  judgement  can,  in  all 
cafes,  be  made  from  that  circum dance.  In  fome  fpecies  they 
are  fo  large,  that  their  fize  alone  fufficiently  diftinguifhes  them 
from  common  teeth  ; but  in  others  they  are  fo  fmall,  that  it  is 
very  difficult  to  difcover  them. 

The  fize  of  the  common  teeth  alfo  varies  very  much,  in  dif- 
ferent fpecies.  In  the  Coluber  myfterizans  they  are  remarka- 
bly large,  efpecially  thofe  which  are  fituated  near  the  apex  of  the 
upper  jaw  ; which  circumftaoce  probably  helped  to  lead  Lin- 
NjEU s into  the  erroneous  opinion  he  entertained,  that  this  Ser- 

* Linnaeus’s  opinion  teems  not  unlike  that  of  the  Abbe  Fontana,  who 
(in  the  work  already  mentioned,  chap.  12.)  iuppofes  the  poifon  of  the  Viper  may 
be  of  ufe,  to  the  animal,  in  digeftion.  To  me  the  venomous  fangs  have  ever 
appeared  to  be  merely  offenfive  weapons  5 nor  can  I fee  greater  difficulty  in  iup- 
pofing  fuch  a weapon,  with  the  power  of  injecting  poison,  placed  in  the  head  of 
a Viper  or  Rattle-fnake,  than  in  fuppofing  fuch  an  one,  with  a fimilar  power, 
placed  in  the  tail  of  a Wafp  or  Hornet. 
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pent  was  venomous.  But  in  many  fpecies  the  teeth  are  fa 
fmali,  that  it  is  impoffible  to  difcover,  merely  by  looking  into 
the  mouth,  that  the  animal  has  any.  Yet  in  that  cafe  they  may 
be  very  eafily  detected,  by  drawing  a pin  (or  any  other  hard 
fubftance)  with  a moderate  degree  of  preffure,  along  the  edge  of 
the  jaw,  from  the  apex  to  the  angle  of  the  mouth,  when  they 
will  be  felt  to  grate  againft  the  pin,  like  the  teeth  of  a faw. 

Although  the  fizeof  the  venomous  fangs  is  very  various,  their 
fituation  is,  I believe,  always  the  fame ; namely,  in  the  anterior 
and  exterior  part  of  the  upper  jaw,  which  fituation  I confideras 
the  only  one  in  which  venomous  fangs  are  ever  found.  But  as, 
in  thofe  Serpents  which  are  not  venomous,  common  teeth 
are  found  in  that  part  of  the  jaw,  it  is  plain  that  we  can- 
not, by  fituation  alone,  diftinguilh  one  from  the  other.  They 
may,  however,  be  diftinguifhed  with  great  eafe,  and  I be- 
lieve alfo  with  great  certainty,  by  the  following  {imple  ope- 
ration. When  it  is  difcovered  that  there  is  fomething  like 
teeth  in  the  fore- mentioned  part  of  the  upper  jaw,  let  a pin 
be  drawn,  in  the  manner  already  defcribed,  from  that  part  of 
the  jaw  to  the  angle  of  the  mouth  (which  operation  may, 
for  greater  certainty,  be  tried  on  each  fide).  If  no  more  teeth 
are  felt  in  that  line,  it  may  I believe  be  certainly  concluded^ 
that  thofe  firft  difcovered  are  what  I have  diftinguifhed  by  the 
name  of  fangs,  andconfequently,  that  the  Serpent  is  a venomous 
one  If,  on  the  contrary,  the  teeth  firft  difcovered  are  found 
not  to  ftand  alone,  but  to  be  only  a part  of  a complete  row,  it 
may  as  certainly  be  concluded,  that  the  Serpent  is  not  venomous. 

* If  a fpechnen  fhoufd  be  met  with,  in  which  no  teeth,  of  any  kind,  can  be- 
difcovered  in  the  margin  of  the  upper  jaw,  the  prefumption  is,  that  it  is  a 
venomous  Serpent,  which  has  loft  its  fangs ; but  I have  never  met  with  fuch  an 
©ne,  except  the  Coluber  Ceraftes  already  mentiohedo 
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In  the  upper  jaw,  both  of  venomous  Serpents  and  others, 
befides  the  teeth  already  fpoken  of,  there  are  two  interior 
rows ; confequently,  the  diftindion  I have  endeavoured  to 
eftabliffi  might  be  expreifed  in  other  words,  by  faying,  that 
all  venomous  Serpents  have  only  two  rows  of  teeth,  in  the  upper 
jaw,  and  all  others  have  four  I think  it  better,  however, 
to  leave  the  interior  rows  out  of  the  queftion,  as,  in  many 
fpecies,  the  teeth  of  which  they  are  compofed  are  fo  fmall,  as 
to  make  it  very  difficult  to  difcover  them.  Indeed,  in  two 
fpecies  of  Anguis,  I can  hardly  be  fure  that  I have  difcovered 
them ; but  as,  in  every  other  fpecies,  I have  never  failed  to 
do  fo,  I prefume  I may,  with  very  little  rifk  of  error,  affert, 
that  all  Serpents  whatever  are  furnifhed  with  them  ; and  that 
thofe  only,  which  are  not  venomous,  have  the  exterior  rows. 

What  I have  faid  fufficiently  (hews  that  Linnaeus’s  ideas, 
refpeding  venomous  ferpents,  were  fuch  as  did  not  permit 
him  to  feparate  them  from  the  others  ; if  the  method  I have 
propofed  fhall  be  found  to  render  the  diftindion  of  them  fuffi- 
ciently clear  and  eafy,  it  naturally  follows,  that  they  fhould  be 
madegenericallydiftind.  Some  other  reforms  might  alfo  be  made 
in  Linnaeus’s  clafs  of  Amphibia,  the  confideration  of  which 
I do  not  mean,  at  prefent,  to  enter  further  into.  But,  be- 
fore I conclude,  I think  it  neceffary  to  notice  an  inaccuracy 
of  Linnaeus,  of  a different  kind  from  thofe  I have  already 
pointed  out. 

* Gronovius,  of  whofe  inaccuracy  I have  already  given  one  Inftance,  in 
defcribing  the  Crotalus  Duriffus,  in  his  Mufeum  Ichthyologicum,  fays  it  has  no 
teeth,  except  the  venomous  fangs.  Klein,  in  his  Tentamen  Herpetologbe,  has' 
gone  Hill  further,  having  actually  made  a genus  of  Serpents  without  teeth,  which 
he  calls  Anodon.  He  appears  not  to  have  examined  the  mouth  of  a linglc 
fpecies  j but  to  have  depended  intirely  upon  the  descriptions  of  Se  e a. 
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In  the  Preface  to  the  Mufeum  Regis,  and  in  the  Intro- 
duftion  to  the  clafs  Amphibia,  in  theSyftenra  Nature,  Linnjeus 
fays,  that  the  proportion  of  venomous  Serpents  to  others,  is 
i in  10  ; yet  in  the  Syftema  Naturae,  in  which  the  fum  total 
of  fpecies  is  one  hundred  and  thirty-one,  he  has  marked  twenty- 
three  as  venomous,  which  is  fomewhat  more  than  i in  6.  How 
lie  came  to  be  fo  much  at  variance  with  himfelf,  I know  not; 
hut  the  laft  mentioned  proportion  feems  to  me  to  be  not  far 
from  the  truth  ; as  I find  that  I have  examined  one  hundred 
and  fifty -four  fpecies  of  Serpents,  of  which  number  twenty- fix 
appear  to  be  venemous. 

I have  already  mentioned,  that  the  Coluber  ftolatus  and  the 
niycierizans,  though  marked  by  Linn  aj  us  as  venomous  Ser- 
pents, certainly  are  not  fo ; and  that  I fufpect  the  fame  may 
be  faid  of  the  Leberis,  and  Dipfas.  I have  alfo  obferved,  that 
the  Boa  contortrix,  Coluber  Ceraftes,  and  laticaudatus,  none  of 
which  are  marked  in  the  Syftema  Naturae,  are  all  of  them 
venomous ; to  thefe  laft  may  be  added  the  Coluber  fulvus. 

If  Linn^us’s  fpecies  were  all  accurately  examined,  I have 
no  doubt  but  more  errors,  of  both  kinds,  would  be  found ; for 
it  muft  be  obferved,  that  though  I have  examined  a greater 
number  of  fpecies  than  Linn^us,  not  above  half  that  number 
are  of  thofe  defcribed  by  him ; consequently  there  remains  more 
than  one-third  of  his  fpecies  which  I have  never  feen.  The 
number  I have  examined,  however,  feems  to  me  fufficiently  great 
to  warrant  the  inferences  I have  drawn  from  that  examination. 
That  feme  exceptions  to  them  might  be  found,  by  the  exami- 
nation of  a greater  number,  is  very  poflible ; but,  if  thefe  ob* 
fervations  fhall  tend  to  rectify  the  falfe  notions  which  have 
been  entertained  refpe&ing  venomous  Serpents,  and  to  render 
the  diftimftion  between  them  and  others  more  clear,  I truft 
they  will  be  thought  not  totally  ufelefs. 


[ 37  I 


IV.  Obfervations  on  the  Drynefs  of  the  Tear  1788.  In  a Letter 
from  the  Rev . Mr.  B,  Hutchinfon  to  Sir  Jofeph.  Banks*. 
Bart . P.  R.  8, 


Read  January  15,  1789, 

' / : 

S I R,  Kimbolton,  January  8,  1789. 

AS  the  defedl  of  rain  has  been  very  confiderable  in  1788  ; 

and  in  confequence  a great  want  of  water  on  the  clofe 
of  the  year  univerfally  felt ; perhaps  the  quantity  fallen  here* 
compared  with  that  of  the  feven  preceding  years,  may  not  be 
unacceptable  to  yourfelf  and  the  Royal  Society. 

Inches 

Rain  1781  21,6^ 

1782  32,3  , ' 

1783  23,6 

1784  26,0  >112  — 25  inches,  the  mean  of  feven  years- 

1.785  21,0  5 

, 1786  24,7; 

1.787  23,8. 

1788  14,5 

By  eftimation  it  therefore  appears,  that  the  average  quaci* 
tity  of  rain  of  the  feven  preceding  years  is  2 5 inches,  and  the 
rain  which  fell  laft  year  is  only  14,5,  that  is,  not  much  more 
than  half  that  quantity,  if  we  dedu£t  1,3  now  lying  in  fnow, 
which  fell  in  December,  and  not  in  foiution.  On  the  fuppo- 

fition 
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fition  which,  I believe,  is  not  far  from  truth,  that  the  whole 
ifland  has  had  the  fame  defect ; a greater  failure  of  the  pro- 
duce of  the  earth  might  have  been  expected  than  what  the 
country  has  experienced;  for,  except  in  hay,  and  a little 
failure  in  turneps,  the  crops  have  in  general  been  as  plentiful 
as  in  moft  of  the  former  years,  and  in  fruits  of  the  orchard 
much  more  fo. 

It  has  always  been  faid  of  England,  that  drought  never 
occafions  want ; this  year  verifies  the  affertion.  But  to  account 
for  crops  that,  taken  on  the  whole,  are  rather  abundant,  we 
may  confult  the  following  monthly  ftate  of  rain  for  1788. 


January 

Inches^ 

°,3 

February 

i,7 

March 

°»7 

April 

0,0 

May 

0,6 

June 

1,8 

J«iy 

0,8 

Auguft 

3>  4 

September 

3,4 

October 

°»3 

November 

0,2 

December 

1,3 

14,5 

Having  premifed.  Sir,  that  there  were  no  extremes  of  cold 
and  heat  throughout  the  year ; the  thermometer  in  a north- 
ern expofure  never  falling  below  the  freezing  point  during  the 
-day-time,  except  on  the  14th  and  15th  of  January,  the  6th, 

7th> 
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jth,  8th,  loth,  nth,  12th,  13th,  and  17th  of  March,  and 
on  none  of  thofe  days  at  noon,  fo  that  there  never  were 
twenty- four  hours  together  fucceffive  froft ; therefore  vegeta- 
tion was  never  entirely  at  a ftand.  In  fummer  it  did  not  rife 
to  80  degrees,  except  on 


Deg. 

May 

26 

80 

✓ 

27 

8l 

28 

8l 

June 

18 

83  with 

thunder  and  rain  : then  cool  for  $ 

27 

80 

week* 

July 

1 1 

80 

1 

1Z 

82 

Auguft 

4 

81  ; the 

reft  of  the  time  exceedingly  tern- 

perate. 

Now,  the  rain  that  fell  on  February  was  towards  the  end  of 
the  month  ; which,  together  with  that  which  fell  in  March, 
brought  up  the  fpring  corn,  gave  an  early  firft  crop  of  hay  to 
the  large  towns,  and  covered  the  meadows  and  paftures  in  the 
country ; that  they  were  not  fo  entirely  dried  up  through  the 
defied  of  April,  as  to  prevent  the  rain,  which  fell  plentifully 
on  the  29th  of  May,  fucceeded  by  more  in  June,  giving  a 
fecond  crop  to  the  former  fituations,  and  a firft,  though  late 
one,  to  the  latter : and  as  fructification  chiefly  depends  on 
rain  falling  at  the  latter  end  of  the  feafon  of  flowering,  this 
rain  fet  the  bloffoms  of  wheat,  and  of  the  ufeful  fruit-trees  ; 
as  the  great  rains  in  Auguft  fwelled  the  kernel,  filled,  as  they 
term  it,  the  buftiel,  and  gave  an  opportunity  for  a fecond  crop 
of  turneps  that  proved  more  vigorous  than  the  firft. 
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'W.  On  the  Method  of  determinings  from  the  real  Probabilities  of 
Life , the  Value  of  a contingent  Reverfon  in  which  Three 
Lives  are  involved  in  the  Survivorfoip . By  Mr.  William 
Morgan ; communicated  by  the  Rev . Richard  Price,  D . D . 

S. 

Read  January  29,  1789. 

IN  a Paper  which  I had  lately  the  honour  of  communicating 
to  the  Royal  Society,  refpedting  the  method  of  deter- 
mining the  values  of  reverfions  depending  on  furvivorfhips 
between  two  perfons  from  the  real  probabilities  of  life,  I ob- 
ferved,  that  the  inveftigation  of  thofe  cafes  in  which  three 
lives  were  involved  in  the  furvivorffiip  (though  attended  with 
much  more  difficulty)  might,  however,  be  effedted  in  a fimilar 
manner.  The  further  purfuit  of  this  fubjedt  has  now  con- 
vinced me  that,  as  it  is  never  fafe,  fo  likewife  it  can  never  be  ne- 
ceffary  to  have  recourfe  to  the  expectations  of  life  in  any  cafe; 
and  that  the  foiution  even  of  thofe  problems  which  include  three 
lives  is  far  from  being  fo  formidable  as  at  firft  fight  it  appears  to 
be.  I am  fenfible  of  the  impropriety  of  entering  minutely  in 
this  place  into  the  vaft  variety  of  propofitions  which  refer  to  the 
different  orders  of  furvivorffiip  between  three  lives ; but  as  the 
following  problem  feems  to  be  of  confiderable  importance  on 
account  of  its  being  applied  to  the  foiution  of  many  other  pro- 
blems, the  demonftration  of  it,  perhaps,  may  not  be  thought 
an  improper  addition  to  my  formepPaper. 


PROBLEM. 
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PROBLEM. 

Suppofing  the  ages  of  A,  B,  and  C,  to  be  given  ; to  deter- 
mine, from  any  table  of  obfervations,  the  value  of  the  fum 
S payable  on  the  contingency  of  C’s  furviving  B,  provided  the 
life  of  A (hall  be  then  extinfh 


SOLUTION. 


.Let  a reprefent  the  number  of  perfons  living  in  the  table  at  the 
age  of  A.  Let  a'9  a'\  a'!t , &c.  reprefent  the  decrements  of 

life  at  the  end  of  the  ift,  2d,  3d,  4th,  &cc.  years  from  the  age  of 
A.  Let  b reprefent  the  number  of  perfons  living  at  the  age 
of  B,  and  w,  n , o9  p9  &c.  the  number  of  perfons  living  at  the 
end  of  the  ift,  2d,  3d,  4th,  &c.  years  from  the  age  of  B.  In 
like  manner  let  c reprefent  the  number  of  perfons  living  at  the 
age  of  C,  and  d9  e,  f\  g9  &c.  the  number  of  perfons  living  at  the 
end  of  the  ift,  2d,  3d,  4th,  &c.  years  from  the  age  of  C 
Let  r alfo  denote  the  value  of  £•  1 Increafed  by  its  intereft  for  a 
year.  In  order  to  receive  the  fum  S in  the  firft  year,  it  is 
neceflary  either  that  all  the  three  lives  (hall  have  died  in  that 
year,  A having  died  firft,  B next,  and  C laft ; or  that  only  the 
two  lives  A and  B (hall  have  died  (A  having  died  firft),  and 
that  C (hall  have  lived  to  the  end  of  that  year.  The  proba- 
bility that  the  three  lives  (hall  die  in  the  firft  year  is 

The  probability  that  they  (hall  die  in  the  order 


above  mentioned  is  The  probability  that  both 
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A and  B (hall  die  in  the  firft  year  is  ^ 
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Half  this  frac- 
tion. 
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tion,  or  *s  the  probability  that  the  death  of  A fhall 

happen  before  the  death  of  B in  this  year.  The  probability 
that  C fhall  furvive  A and  B,  reftrained  to  the  contingency  of 


A’s  having  died  firft,  is 


cl  » b — ?n  . d 
2 abc 
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fum  S for  the  firft  year  is  b x z — — — + 
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• In  the  fecond  year  the  pay- 
ment of  the  given  fum  will  depend  on  either  of  four  events 
happening.  Firft,  on  the  contingency  of  all  the  three  lives 
dying  in  that  year,  A having  died  firft,  B next,  and  C laft. 
2dly,  On  the  contingency  of  B’s  dying  in  that  year,  C’s  living 
to  the  end  of  it,  and  A’s  dying  in  the  firft  year,  ^dly,  On 
the  contingency  of  B’s  dying  after  A in  the  fecond  year  (both 
of  them  having  furvived  the  firft  year)  and  of  C’s  living  to  the 
tend  of  that  year.  4thly,  On  the  contingency  of  A’s  dying  in 
the  firft  year,  and  of  B and  C’s  both  dying  in  the  fecond  year, 
B having  died  firft.  The  probability  of  the  firft  contingency 

Is  expreffed  by  the  fraction  — ■ The  probability  of 


the  fecond  by  the  fraction 
third  by  the  fraction  ~-m- 
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And  the  probability  of  the 
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xal  fractions,  therefore,  multiplied  into  ~ will  be  the  value  of 
:the  given  fum  for  the  fecond  year,  and  may  be  eafily  founds 
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manner  the  payment  of  the  given  fum  in  the  third  year  wiil 
depend  on  the  contingency  of  the  fame  number  of  events 
as  in  the  fecond  year;  that  is,  it  will,  firft,  depend  on  the 
contingency  of  all  the  three  lives  dying  in  that  year,  A having 
died  firft,  B next,  and  C laft ; 2dly,  on  the  contingency  of 
B’s  dying  in  that  particular  year,  C’s  living  to  the  end  of  it, 
and  A’s  dying  in  the  firft  or  fecond  years  ; 3dly,  on  the  con- 
tingency of  B’s  dying  after  A in  the  third  year  (both  of  them 
having  furvived  the  two  preceding  years),  and  of  C’s  living 
to  the  end  of  that  year ; and,  4thly,  on  the  contingency  of 
A’s  dying  in  the  firft  or  fecond  year,  and  of  B and  C’s  both 
dying  in  the  third  year,  C having  died  laft,  Thefe  feve- 
ral  contingencies  are  exprefled  by  the  refpedive  fractions 


a'"  . n — 0 . e—f  a!  +.a"  * n — o . f a"  .n—o.f 

, T " ' " • • • , • • • * 

0 . abc 
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in  the  fame  manner  the  value  of  the  fum  S for  the  fourth 


, , S a"".fp  a" ".go  i"".gp 

year  may  be  found  = i—.  t ; — 1 — — j — “ d “ - r -r 


abcr 4 


3 


W -f  a"  + a!"  .go  a' + a " + a"' . gp  , a'  + a"  -f  af"  . of  a'  -f  a"  + a"  - fp 

I. ■ --  — OK-  ■ ■ 11  ■ ■ ■ —f**  “ O 

2 2 2 2 

If  either  B or  C be  the  oldeft  of  the  three  lives,  thefe 

feries  continued  to  the  extremity  of  that  life  will  exprefs 

5 

the  whole  value  of  the  reverfion,  which  will  be  — — - x 
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In  order  to  fum  up-  the  firflr  and  fecond  of  thefe  feries  let  j3 
reprefeat  the  number  of  perfons  living  at  the  age  of  F,  a 
perfon  one  year  younger  than  B,  and  k the  number  of  perfons 
living  at  the  age  of  K,  a perfon  one  year  younger  than  C. 
Let  FK,  BC,  AFK,  and  ABC,  reprefent  the  value  of  an 
annuity  on  the  two  and  three  joint  lives  of  F and  K,  of  B and 
C,  of  A,  F and  K,  and  of  A,  B and  C refpedtively ; then 
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y 


year  older  than  B,  and  let  BK,  PC,  ABK,  and  APC,  repre- 
fent the  values  of  annuities  on  the  two  and  three  joint  lives  of 

B and 
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B and  K,  P and  C,  A,  Band  K and  of  A,  P and  C:  then 

the  fum  of  the  third  and  fourth  feries,  or  of  - 


S 


x 


a' me  d'nd  n S a'dn  a'  + an  . eo  _ . . S . * 

+ — + &e.^-rX  — + ——  + &C.  being  = - -r-  X 


abcr  abcr 


1 2 

abcr 


6 c 


me  a — a.mc 

xbr 


ab*r 


dn 

+ bZ1 


a — a —a 


" . dn 


ab’x.d 


+ 


eo 

buX1 


a—  a'  — a"  — a'"  . eo 


ab<r~ 


&C. 


V v 


a' dn  a'  + arr . eo 


y * abcr 


+ 


abcr 2 


n . S . m a'dn  . a'  + a" . eo  n 

, See.  = X — + ■■■— -i-  ■+  &c., 


3fo 


acmr 


...  . S k.H  K-ABK  S . FC  — APC 

will  be  = — - x — x 7 — . 

O c y b 


acmr 

The  fifth  fe» 


s 

3 


a'  db 


a"  em 


g . S ft  db 

neS»  " X aba  + 7k?  +&C->  IS  = ? x b X 0?r 


a — a'  . db  , em 

-j-  

after  @crz 


jf 


a — a’  — a'r.em  fn  a — a'  — a 

d”  ftcr 3 


" ■ a"'  .fn 


,&C. 


S a' em  a'  + a"  . fn 

- x — + — 
y ' 


1 ftcr 3 tf&rr3  a^cr  abcrz 

= (putting  FC  and  AFC  for  the  values  of  the  two  and  three 
joint  lives  of  F and  C and  of  A,  F,  and  C)-  x izldzdld  _ 
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year  older  than  C,  and  BT,  and  ABT  denote  the  values  of  the 
two  and  three  joint  lives  of  B and  T and  of  A,  B,  and  T,  this 

laft  feries  will  be  = f x — gT~A_;  and  confequently  the  fum 
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amdr  J 6r  be 

reprefent  the  values  of  the  two  and  three  joint  lives  of  P and 
T,  and  of  A,  P,  and  T.  If  theft  feveral  expreffions  be  added  toge- 
ther, &c.  we  fhall  at  laft  have  S-  * *-  x — A—  - BK.  - ABK. 
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+ ~ xFC~  AFC- 
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x PC—APC+ 


teJ  x BT  — ABT  - m - FT,  APT,  for  the  value  of  the  fum  S,. 

6 cr  0 

when  either  B or  C are  the  oldeft  of  the  three  lives. 

In  order  to  determine  the  value  of  the  reverfion  when  the  life 
of  A is  the  oldeft  of  the  three  lives,  let  j*,  tr  u , w9  &c.be  the  num- 
ber of  perfon-s  living  at  the  end  of  the  ift,  2d,  3d, 4th,  &c.  years 
from  the  age  of  A,  and  let  b\  b'\  b//f , bu/\  &c.  be  the  decre- 
ments of  life  at  the  end  of  r,  2,  3,  4,  &c.  years  from  the  age  of 
B ; then,  by  reafoning  as  above,  the  value  of  the  fum  S for  the 

firft  year  will  be  exprefled  by  the  feries  S*h  + 


s xb  . at  4,^  for  t}ie  ftcond  year  by  the  feries  J -ft 
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, and  fo  on  for  the  remaining  years  of  A’s  life. 
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tb”'t 


b"f 


eu 


tb'"f 


ab'" 


b -tu  -j-  a^SJ.  See.  See.  Let  a,  reprefen t 


o 

O 


3 6 6 

the  number  of  perfons  living  at  the  age  of  H,  a perfon 
one  year  younger  than  A ; let  N denote  a perfon  one  year 
older  than  A,  and  let  the  feveral  combinations  BN,  BNC, 
AR,  &c.  denote,  as  in  the  former  cafe,  the  values  of  annuities 
on  the  joint  lives  of  B and  N,  of  B,  N and  C,  of  A and  B, 
&c. ; then  by  proceeding  in  the  fame  manner  as  in  the  fore- 

. , n • i r • *b"d  tb'"e  0 

going  demonitration  the  leries  — + — — r—^  + Scc.  may 
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NT  -NTB.  Thefe  four  feries,  therefore,  fuppofing  them  all 
to  be  pofitive  quantities  are 
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With  refped  to  the  ,two  remaining 


b'c  . b"d 


Vtt. 


^eneS  + # ° * anC*  2^^2^  + 2^P  + &C’> 

thefe,  it  is  evident,  are  to  be  continued  after  the  deceafe  of  A 
till  the  extinction  of  the  joint  lives  of  B and  C,  and  have 
been  already  proved  in  the  folution  of  the  fecond  problem 
in  my  former  Paper,  to  denote  the  value  of  the  given  fura 
if  C ihould  furvive  B„  Let  this  value  be  repre  ■ 

fented 
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fented  by  R and  the  fum  of  the  foregoing  expreffions  for 


k a . HK—HBK  AK  — ABK  a rrr — 

x — — — f -f  , x — HbvJ,  &c.)  by  M,  then 


3C 


a 


will  the  value  of  the  fum  S (when  A is  the  oldeft  of  the  three 
lives)  be  = S x R — M.  Q.  E.  D. . 

If  the  three  lives  be  equal,  the  value  of  the  given  fum  for 

s.7^2)5  s.7T2|* 2.^_  “ 
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the  value  of  the  fame  fum  for  the  fecond  year  will  be  = 
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S X 


3^ 


2«7  3^ 
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, , , , a , * 3 , . , 2 and  fo  on  for  the  other  years  to 

6 c3r3  6rr3  6c3r3  6<rV7  j 

the  extremity  of  life.  Let  CC  and  CCC  denote  the  values  of 
the  two  equal  and  three  equal  joint  lives,  the  fum  of  thefe 

3 . CC  — 2CCC 


feries  may  then  be  found  = -g-  x -—  + 2CCC  — 3CC  -j- 

* 

.=  (fuppofing  the  perpetuity,  or  q,  to  be  denoted  by  V) 


^x— xV-3.CC- 2CCC. 

or  •*/ 

It  muft  be  here  remembered,  that  from  other  principles  it  is 
well  known,  that  the  number  of  years  purchafe  exprefling  the 
value  of  an  ejiate  ox  perpetual  annuity  to  be  entered  upon  at  the 
failure  of  two  out  of  any  three  equal  lives  is,  i6  the  difference 
4<  between  three  times  the  values  of  two  equal  joint  lives,  and 
twice  the  values  of  three  equal,  joint  lives  fubt rafted  from 
“ the  perpetuity,”  or  V — 3CC  — 2 CCC.  The  value,  there- 
fore, of  fuch  a reverfion,  fuppofing  it  to  depend  on  the  failure 
of  the  three  equal  lives  in  any  one  particular  order,  is  (fince 
2 ' there 
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there  are  fix  fuch  orders  equally  probable)  4.  x V - 3CC  - 2 CCC. 
But  it  appears,  from  the  corredlion  explained  in  Dr.  Price’s 
Treatife  on  Reverfionary.  Payments,  Voh  1.  p.  34.  that  the 
value  of  a reverfionary  fum  is  always  lefs  than  the  value 
of  an  equivalent  reverfionary  eflate  in  the  proportion  of 
1 to  r.  The  fum  being  S the  equivalent  eftate  or  perpetual 

annuity  is  always  Sxr-i  ; and  confequently  the  value  of 
the  lum  S depending  on  the  ceafing  of  three  equal  lives  in  any 
one  particular  order  and  thus  determined,  is  the  fame  with 
that  determined  by  the  foregoing  inveftigation,  that  is, 
S ~~ 


r — I 


x V — 3CC  - 2CC.  The  inveftigation,  therefore,  is 

yj  / 

right,  and  the  correction  and  inveftigation  demonftrate  one 
another. 

But  the  foregoing  expreffion  for  determining  the  value  of 
the  reverfion  in  this  particular  cafe  is  not  only  obtained  imme- 
diately from  the  feries,  but  alio  from  the  two  different  rules 
which  have  been  given  for  determining  the  value  when  the 
lives  are  unequal ; and  hence  a proof  arifes  of  the  truth  of 
thefe  rules,  as  well  as  of  the  reafoning  upon  which  they  are 
founded.  Thus  the  firft  rule,  fuppofing  the  lives  all  equal, 
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the  firft  rule  be  denoted  by  L,  and  the  fecond  rule  will  be  = 
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r—  "r  . V CC  - 2 . r T . CC-CCC it  r-l 


5° 


'ir 


andL  = — x V — 2 CC  - 2CCC. 

or  ^ 


Q.  E.  D. 

Were  we  poffeffed  of  complete  tables  of  the  values  of  annui- 
ties on  two  and  three  joint  lives,  the  preceding  rules  would  give 
an  eafy  and  exact  folution  of  this  problem  in  all  cafes.  But 
as  fuch  tables,  computed  for  every  age,  would  be  a work  of 
immenfe  difficulty,  efpecialiy  in  regard  to  the  values  of  three 
joint  lives,  Mr.  Simpson’s  rule  for  approximating  to  thefe 
from  the  given  values  of  the  two  joint  lives,  has  hitherto  been 
adopted,  and  it  feems  upon  the  whole  to  anfwer  the  purpofe 
very  well.  In  the  prefent  problem  it  is  attended  with  no  other 
inconvenience  than  incr'eafing  the  labour  of  the  computations; 
for  the  values  of  the  reverfions  derived  from  it  appear  in  gene- 
ral to  be  perfectly  correft.  This  is  more  fully  afcertained  by 
a table  which  Dr.  Price  has  given  in  his  Treatife  on  Rever- 
fionary  Payments  (Vol.  If.  Table  37.),  of  the  values  of  three 
equal  joint  lives  computed  at  4 per  cent . from  the  probabilities 
of  life  at  Northampton.  By  the  affiftance  of  this  table, 
when  the  lives  are  of  the  fame  age,  it  is  evident,  from  what 
has  been  already  obferved,  that  the  exaft  value  of  the  reverfion 
may  be  eafily  obtained.  The  few  following  fpecimens  com- 
puted from  it,  and  compared  with  the  values  of  the  reverfions 
deduced  from  the  firft  and  fecond  of  the  preceding  rules,  de- 
monftrate  the  accuracy  of  thofe  rules : for,  notwithftanding 
the  approximated  values  of  the  three  joints  lives  have  been  ufed 
in  every  inftance  in  which  the  rules  have  been  employed,  yet 
the  refults  approach  fo  near  the  truth,  even  in  the  laft  ftages 
of  life,  when  the  decrements  are  moft  irregular,  that,  though 
derived  from  thefe  approximations,  there  can  be  little  doubt  of 
their  corredtnefs  in  almoft  every  other  period  of  life. 

& 


Common 
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Common  age.  Exaft  value*  of  too.  Value  of  £.  too.  com-  Value  of  £.  ioo.  computed 

computed  from  Dr.  Price’s  puted  from  the  firfl  of  the  from  the  fecond  of  the  fore- 

Tables  of  the  values  of  two  foregoing  rules,  and  from  going  rules,  and  from  Mr. 


and  three  equal  joint  lives. 

Mr.  Simpson’s  approxi- 
mation Co  the  values  of 
three  joint  lives. 

S 1 m p s 0 n’s  approximation  to 
the  values  of  three  joint 
lives. 

70 

*12.000 

I2.OO5 

- 

12.000 

75 

12.944 

I2.943 

- 

12.943 

80 

“ I3.84O 

I3.81O 

- 

13.880 

85 

I4.43O  f 

14,670 

- 

14.340 

Mr. 

Dodson  j,  and  Mr 

. Simpson  §,  are 

the 

only  writers 

who  have  folved,  or  rather  who  have  approximated  to  the 
folution  of  this  problem.  But  the  former,  by  deducing  his 
rules  immediately  from  a wrong  hypothefis,  having  rendered 

* That  is,  one-Jixth  part  of  the  whole  reverfion. 

f The  feveral  reverfions  in  this  column,  when  computed  from  Simpson’s 
approximation  to  the  values  of  the  three  joint  lives,  are  12.012,  12.933,  13.8479 
and  14.803  refpedtively ; which  upon  the  whole  differing  nearly  as  much  from 
the  real  values  as  thofe  in  the  two  other  columns  afford  a convincing  proof, 
that  the  very  fmall  deviation  from  the  truth  in  thefe  latter  values  proceeds  not 
from  any  inaccuracy  in  the  rules  themfelves,  but  folely  from  having  ufed  the 
approximated  inflead  of  the  real  values  of  the  three  joint  lives.  And  this  alfo 
will  account  for  the  difference  in  the  values  by  the  firfl  and  fecond  rules.  Were 
thofe  values  computed  from  tables  which  give  the  correct  values  of  two  and  three 
joint  lives  at  all  ages,  they  would  come  out  exadtly  the  fame.  In  the  two  firfl 
examples,  where  the  values  by  one  rule  are  true,  it  appears,  that  the  values  by 
the  other  rule  are  equally  fo.  In  the  two  lafl  examples,  where  the  values  are  not 
quite  fo  accurate,  it  may  be  obferved,  that  they  differ  as  much  in  excefs  by  one 
rule  as  they  do  in  defedt  by  the  othtr  ; which  mufl  in  general  be  the  cafe  from 
the  very  nature  of  thofe  rules ; for  if  L (or  the  value  by  the  firfl  rule)  be 

~ j V cc 

greater  than  the  truth,  the  difference  between  - — — and  aL  (or  the 

2r 

value  by  the  fecond  rule)  mufl  be  lefs  than  the  truth;  and,  on  the  contrary,  if 
L be  lefs,  this  difference  will  be  greater  than  the  truth. 

% See  Dodson’s  Mathematical  Repofitory,  Vol.  IIL  Queflions  42,  43,  &c. 

§ See  Simpson’s  Seledl  Exercifes,  Prob.  38* 

H 2 raoft 
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mod  of  them  (efpecially  thofe  in  which  three  lives  are  con- 
cerned) of  no  ufe>  it  will  be  unneceflary  to  take  notice  of 
what  he  has  done  on  the  fubjedh  With  regard  to  the  latter, 
whofe  rule  is  not  only  the  foie  guide  for  determining  the  value 
of  this  reverfion,  but  alfo  the  fource  from  which  a great  va- 
riety of  other  problems  are  folved,  perhaps  it  may  not  be 
improper  to  examine  how  far  his  folution  is  to  be  depended 
upon  ; and  the  following  examples  have  therefore  been  com- 
puted for  this  purpofe. 

1 TABLE  I. 

Value,  by  Simpson’s  rule,  of  True  value  of  the  fame 
J~.  IOO.  payable  on  the  contingent  reversion  computed  from 
reverfion  Specified  in  this  pro-  the  firft  rule  in  the  fore- 


c, 

Ages  of 

B. 

A. 

b!em,  when  either  C or  B are  el- 
deft,  according  to  the  Northamp- 
ton Table  and  at  4 per  cent. 

going  folution. 

So 

7° 

40 

I.926 

arm  e» 

1.179 

75 

65 

25 

1.873 

- 

1.032 

65 

5° 

1 5 

- 2.O9O 

- 

1.690 

7° 

80 

40 

6.615 

- 

6.117, 

5° 

65 

J5 

5.580 

- 

3-879 

OO 

78 

20 

2-583 

- 

I.982 

45 

60 

1 2 

5-57 1 

- 

4-133 

6o 

45 

1 2 

2.292 

\ 

■1  a 

1.686 

c. 

Ages. 

B. 

A. 

TABLE  II. 

Value  of  the  fame  reverfion  by 
Simpson’s  rule,  when  A.  is  the 
oldelt  of  the  three  lives. 

True  value  of  the  fam 
reverfion  by  the  fecond  rul 
in  the  foregoing  folution. 

24 

65 

75 

34.636 

ca» 

3 r-792 

65 

24 

75 

6.305 

- 

7-895 

49 

9 

69 

7-35 1 

- 

5.960 

1 8 

78 

78 

37-554 

773  C 

33.019 

TABLE 
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TABLE  III. 


Value  of  the  fame  reverfion  by  Simp- 

True value  o 

Common  Age. 

son’s  rule,  when  the  ages  of  the 
three  lives  are  equal. 

fame  reverfion. 

70 

1 

0 

M 

1 

1 

12.00 

75 

1 

1 

1—4 

vb 

00 

1 

I2.94 

80 

16.58 

13.84 

85 

17,86 

14-45. 

By  comparing  the  values  in  the  preceding  tables*  Mr.  Simp- 
son’s rule  appears  In  almoft  every  in  fiance  to  be  exceedingly 
incorrect  Even  when  the  lives  are  equal  (in  which  cafe  it 
might  have  been  expected  to  be  fufficiently  accurate)  it  feems 
to  deviate,  in  old  age  at  leaf:,  fo  widely  from  the  truth  as  to 
be  unfit  for  ufe.  When  C or  B are  eldeft  (which,  however., 
is  a cafe  that  does  not  often  occur),  the  refults  fometimes 
exceed  the  truth  one-half,  and  generally  by  more  than  one - 
third  of  the  real  value.  When  A is  the  oldeft  of  the  three 
lives  (which  is  the  molt  common  cafe)  thefe  refults  are  erro- 
neous in  nearly  an  equal  degree.  Nay,  in  fome  cafes,  Mr. 
Simpson’s  rule  is  not  only  wrong  but  abfurd.  Thus,  in  the 
laft  example  in  the  fecond  table,  the  value  of  £.  ioo.  payable 
on  the  contingency  of  C aged  18  furviving  B aged  78 
after  A aged  78,  is  by  this  rule  ~ /.  37*554*  The  value, 
therefore,  of  the  fame  fum  on  the  contingency  of  C’s  furviv- 
ing A after  B is  alfo  37.554.  Hence  the  value  of  £ . ioo. 
on  the  contingency  of  C’s  furviving  A and  B (without  the 
reftridlion  of  one  dying  before  the  other)  is  2x37.5 54  = 
£.  75.108*.  By  another  rule  of  Mr.  Simpson the  value 

* See  Simpson’s  Selt£t  Exercife%  Prob,  39.  f Ibid.  Prob.  32. 
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of  £.  ioo,  on  the  contingency  of  C’s  furviving  B only,  is  no 
more  than  £.  74*.  Now  it  is  felf- evident,  that  this  latter 
value,  inftead  of  being  lefs,  ought  to  have  been  greater  than 
the  former,  inafmuch  as  the  probability  of  C’s  furviving  only 
one  life  mu  ft  be  greater  than  that  of  his  furviving  two  lives. 

Many  additional  inftances  might  be  produced  in  which  this 
rule,  being  made  the  balls  upon  which  the  folutions  of  other 
problems  are  founded,  leads  to  conclufions  equally  erroneous. 
But  thefe  enquiries  would  be  improper  here ; and  I fhall 
only  obferve,  that  had  the  foregoing  examples  been  computed 
from  the  Sweden  or  London,  inftead  of  the  Northamp- 
ton Table,  this  rule  would  have  appeared  to  be  ftill  more  in- 
correfl:  than  it  does  from  thofe  computations. 

When  Mr.  Simpson  wrote  his  Seledt  Exercifes,  he  was  in  a 
great  meafure  obliged  to  have  recourfe  to  De  Moivre’s  hypo- 
thehs,  for  want  of  thofe  excellent  tables  of  the  real  probabi-  > 
lities  of  life,  and  alfo  of  the  values  of  fingle  and  joint  lives 
which  have  been  fince  publilhed.  Had  he  been  poffefled  of 
thefe,  it  is  moft  likely  that  his  fuperior  abilities  would  have 
direfted  him  to  a more  accurate  method  of  inveftigation.  At 
prefent  there  can  be  no  juft  reafon  for  ever  recurring  to  this 
wretched  hypothefis.  The  folutions  of  all,  cafes  of  two  and 
even  of  three  lives  may  be  effected  without  much  difficulty 
from  principles  ftriflly  true.  But  I muft  here  take  my  leave 
of  this  fubjefl,  hoping  that  its  importance  may  engage  other 
mathematicians  to  the  further  profecution  of  it. 

* The  true  values  are  £.  66.038.  and  £.  74.884.  refpe&ively* 
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VI.  Refult  of  Calculations  of  the  Obfervations  made  at  various 
Places  of  the  Eclipfe  of  the  Sun , which  happened  on  June  3, 
1788.  By  the  Rev . Jofieph  Piazzi ,Ci?,  Profejfor  of  Afronomy 
in  the  Univerfity  of  Palermo ; communicated  by  Nevil  Mafke- 
lyne,  D.  D.  F.  R . S.  and  AJlronomer  Royal . 


Read  January  15,  1789. 

TO  DE.  MASKELYNE. 

S I R, 

THE  fatisfaftion  I had  in  obferving  the  ecliple  of  the  fun 
on  the  third  of  June  laft,  with  you  and  M.  d’Arqtjier, 
at  Greenwich,  induces  me  to  give  you  an  account  of  the  ufe 
made  of  the  obfervations,  and  the  confequences  I have  drawn 
from  them.  The  obfervations  which  I have  collected  con-* 
cerning  the  fame  eclipfe,  and  which  were  made  in  other 
places,  contribute  to  the  extenfivenefs  of  my  calculations,  and 
to  determine  the  pofition  of  certain  places,  which  had  not 
been  before  accurately  determined,  as  that  of  Dublin,  that  of 
Mitau  in  Courland,  and  Perinaldo  in  Italy.  The  longitudes 
of  all  the  other  places  muft  be  referred  to  that  of  the  Royal 
Obfervatory  at  Greenwich,  as  being  the  fir  ft  in  Europe,  and 
becaufe  the  obfervations  which  you  have  made  in  it,  are  by 
far  more  accurate  than  any  others  made  elfewhere. 

The 
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The  refult  of  the  obfervation  at  Greenwich  is  confirmed  in  the 
moft  fatisfaCtory  manner  by  the  obfervations  of  Oxford  andLoam- 
pit-Hill,  which  Dr.  Hornsby  and  Mr.  Aubert  have  done  me 
the  honour  to  communicate  to  me.  Thefe  three  obfervations 
perfectly  agree  in  the  latitude  of  the  moon  ; whence  it  follows, 
that  the  duration  of  the  eclipfe  was  judly  obferved.  And 
whereas  the  difference  of  longitude  for  Oxford,  as  determined 
by  thefe  obfervations,  is  only  one  fecond,  and  that  of  Loam- 
pit- Hill  only  two  feconds,  different  from  that  which  had  been 
determined  by  means  of  the  beft  time-keepers  and  other  mod 
exaCt  obfervations,  it  follows,  that  thefe  three  obfervations 
may  be  confidered  as  a fingle  one,  having  a treble  degree  of 
accuracy.  In  effeCt,  if  the  moment  of  conjunction  found  for 
Oxford  and  Loampit-Hill  be  reduced  to  the  meridian  of  Green- 
wich, by  adding  to  the  latter  5", 4,  and  to  the  former  f o7/, 
and  a mean  be  taken,  it  will  appear,  that  this  mean  differs 
only  by  0,6  of  a fecond  from  the  conjunction  deduced  from 
the  obfervation  made  at  Greenwich  only.  This  alfo  clearly 
proves,  that  the  eclipfes  of  the  fun,  when  accurately  obferved, 
give  nearly  the  fame  exaCtnefs  as  the  occultations  of  the  dars, 
which  from  their  nature  are  confidered  as  the  mod  exaCt. 

The  obfervation  made  at  Dublin  deferves  our  greated  attention, 
particularly  fince  the  edablilhment  of  a very  excellent  obferva- 
tory  there.  Dr.  Ussher  confeffes,  that  the  longitude  of  that 
city  has  not  been  exaCtly  determined  (fee  the  Tran  factions  of  the 
Royal  Irifh  Academy  for  the  year  1787,  p.  86.).  He  fuppofes 
the  longitude  of  Dublin  to  be  24/  58"  W.  which  he  determined 
by  means  of  a time-keeper,  which  Mr.  Arnold  happened  to  take 
with  him  to  that  city  ; whereas  I find  it  to  be  25'  This 

my  determination  I believe  not  to  leave  the  uncertainty  of  two 

feconds ; 
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feconds,  becaufe  the  latitude  of  the  moon  deduced  from  the 
obfervation  is  the  fame  'with  that  of  Greenwich. 

The  obfervation  of  Mitau  is  likewife  very  interefting;  it 
(hews  the  fituation  of  a diftant  country,  where  no  obfervation 
had  been  made  before  M.  Beitler  eftablifhed  an  obfervatory 
there.  The  obfervation  of  this  able  aftronomer  is  of  fuch 
corre&nefs,  that  it  furnifhes  the  fame  latitude  of  the  moon  as 
the  preceding  ones ; confequently  the  difference  of  the  meri- 
dians, which  I thence  deduce,  may  be  confidered  to  be  as  exadt 
as  that  of  Dublin.  The  difference  is  i h.  34/  54"  £,  which 
becomes  of  the  greater  importance  to  geography,  becaufe  from 
Pomerania  to  Peterlburg  no  one  point  had  been  accurately 
determined  before. 

The  pofition  of  Berlin  has  been  already  determined  by  means 
of  fome  eclipfes;  but  the  refults  do  not  agree.  The  difference 
of  S3'  32",  which  I have  deduced,  not  only  agrees  exadtly 
with  that  mentioned  in  Vol.  IV*.  of  M.  de  la  Lande’s  Aftro- 
nomy,  and  which  this  famous  aftronomer  had  deduced  from  the 
occultation  of  Antares  obferved  by  himfelf  in  the  year  1749  ; 
but  it  alfo  comes  fo  near  to  the  longitude  mentioned  by  Meff. 
Lexell  and  Bernoulli,  in  the  Ephemeris  of  Berlin,  as  not 
to  differ  by  more  than  two  feconds. 

The  obfervation  of  Vienna  gives  for  the  difference  of  the 
meridians  1 h.  f 31".  Though  this  determination  differs  but 
1 " from  that  found  in  the  Almanack  of  Milan,  and  in  the 
Requifite  Tables , yet  the  obfervations  of  the  two  phafes  had  not 
been  very  accurately  made. 

Perinaldo  in  Italy  is  a place  whofe  pofition  has  not  been  as 
yet  well  determined.  The  tables  requifite  for  the  Nautical 
Ephemeris  lay  down  this  place  at  30'  40"  to  the  Eaft  of  Green- 
wich ; fome  place  it  at  30'  20".  The  obfervation  made  by 

Vol.  LXXIX.  I M. 
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M.  Maraldi,  nephew  of  the  Paris  Academician,  which  I 
have  by  me,  gives  30'  53"  E.  for  the  difference  of  the  meri- 
dians, and  this  may  be  confidered  as  the  beft  hitherto  known. 

The  obfervations  made  at  Milan,  by  the  aftronomers  DE 
Cesaris  and  Reggio,  were  interrupted  by  intervening  clouds. 
In  fad!:,  the  latitude  of  the  moon  in  conjunction  comes  out  only 
equal  to  1-4/  32",  which  (hews  that  the  duration  of  the  eclipfe 
was  not  properly  obferved.  I have  thence  alfo  calculated  the 
conjunction  feparately  for  the  beginning  and  for  the  end  of  the 
eclipfe,  and  I have  found  out  the  following  differences  of  meri- 
dians, viz . for  the  beginning  36'  39//,6,  and  for  the  end 
36'  38";  and  for  the  end  and  beginning  conjointly  3b7  37T 
This  laft  difference  comes  neareft  to  that  mentioned  in  the  Milan 
Ephemeris  for  the  year  1789,  which  is  36'  41".  The  obfer- 
vation  made  at  Bologna  affigns  45''  287/  E.  for  the  difference  of 
the  meridians.  But  the  duration  of  the  eclipfe  was  not  pro- 
perly obferved.  However,  not  with  ft.an.ding  this  imperfection. 
It  may  happen  that  the  refult  determined  is  exaCt. 

The  two  obfervations  of  France,  viz . that  of  Viviers,  and 
that  of  Rouen,  give  almoft  the  fame  difference  which  I find  in 
the  Requifite  Tables;,  that  of  Rouen  differing  only  i/X,  and 
that  of  Viviers  2;/.  As  the  difference  of  the  meridians  between 
Paris  anct-Rouen  is  known  with  the  greateft  precifion  to  be 
4/  57"  to  the  W.  of  Paris ; if  to  this  difference  are  added 
4'  22//,3,  which  is  the  difference  I found  between  Rouen  and 
Greenwich,  there  will  refult,  for  the  difference  of  the  meri- 
dians between  the  Obfervatory  of  Greenwich  and  Paris, 
9'  This  difference  only  differs  by  0^,7  from  that  efta- 

blifhed  by  Dr.  Bradley,  which  is  p'  20",  as  adopted  by 
;yourfelfj  and  lately  confirmed  by  Major-general  Roy. 
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The  obfervations  of  Loampit-Hill,  Greenwich,  and  Oxford,, 
as  they  ferveforthe  balls  of  all  my  calculations,  I have  calcu- 
lated them  two  different  ways,  viz.  by  the  method  of  paral- 
laCtic  angles,  and  by  the  method  of  the  nonagefimal,  and  the 
refults  agreed  together  within  a few  tenths  of  a fecond.  By 
thefe  two  different  methods  I have  alfo  calculated  the  obferva* 
tions  of  Vienna,  Berlin,  and  Viviers,  in  order  to  fhew,  that 
the  different  latitudes  of  the  moon,  given  by  the  various  obfer- 
vations, were  not  owing  to  any  error  in  my  calculations.  For 
thefe  places,  in  which  both  the  beginning  and  the  end  of  the 
eclipfe  had  been  obferved,  I have  deduced  the  time  of  con^ 
junction  from  the  two  phafes  conjointly,  which  have  alfo  given 
the  duration  of  the  eclipfe,.  which  cannot  be  obtained  from  a 
lingle  obfervation. 

The  error  of  the  tables  which  refults  from  the  obfervation  at 
Greenwich  is  +26"  in  longitude,  and  +11", 5 in  latitude,  at 
20  h.  58'  47//?3  of  apparent  time,  taking  for  the  longitude  of 
the  fun  2 s.  140  i6/54//,7,  as  I deduce  from  the  Nautical 
Almanack,  and  that  of  the  moon  at  the  fame  time  to  be  greater 
than  the  fun  by  26",  as  deduced  from  the  fame  Almanack.  | 
fuppofe  alfo  the  horary  motion  of  the  moon  in  the  ecliptic,  by 
taking  it  an  half  hour  before  and  after  the  conjunction,  to  be 
36'  52//d-Q//,6  for  the  hour  following  the  conjunction,  and 
— for  the  hour  preceding  the  conjunction  ; the  moon’s 
horary  motion  in  latitude  is  3^  24", 3 ; the  horizontal  parallax  of 
the  moon  minus  that  of  the  fun  at  Greenwich,  to  be  60'  14  /,4 

1 

for  the  commencement  of  the  eclipfe,  and  6o/  for  the 

end;  the  fun’s  diameter  3F  34", 6,  lefs  by  3"  than  that  given 
in  the  Almanack,  according  to  the  correction  which  you  have 
found  neceffary  to  be  made ; the  moon’s  diameter  I have  ftated 
as  in  the  Almanack.  In  the  opinion  of  M.  de  la  Lan  de, 
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feme  correction  ought  to  be  made  to  the  parallax  and  to  the  dia- 
meter of  the  moon,  as  well  as  to  the  diameter  of  the  fun  ; but 
on  the  one  hand  this  would  not  make  any  alteration  in  the 
difference  of  the  meridians  which  I have  found ; and  on  the 
other  I thought  proper  to  make  ufe  of  thofe  elements  th 
Nautical  Almanack  furnilhed  me  with,  that  being  a work  the 
moft  perfect  of  the  kind  that  ever  appeared,  and  to  which  all 
aftronomers  and  navigators  ought  to  pay  the  greateft  attention. 

In  fine,  I compared  the  moon’s  longitude  in  conjunction 
deduced  from  the  eclipfe  with  the  new  tables  of  the  moor 
correCfed  by  Mr.  Mason,  and  found  the  longitude  by  thofe 
tables  to  be  2 s.  140  if  6/7,4,  and  the  latitude  to  be  if 
The  error  then  of  the  new  Tables  is  + 1 i",7  in  longitude,  and 
-f  in  latitude;  but  M.  de  la  Lande  having  lately  fent 

to  me  from  Paris  the  place  of  the  fun,  calculated  with  the 
new  Solar  Tables  (a  moft  ufeful  improvement  which  M.  de 
Lambre  has,  with  much  ingenuity,  deduced  from  your  obfer- 
vations) I find  the  error  in  longitude  to  be  + 27^,4,  the  fun’s 
place  being  2 s.  140  i6/  39  7,o  at  20  h.  $8'  4 7", 3. 

The  following  table  contains  the  obfervations  of  the  eclipfe, 
and  the  refults  deduced  from  thence.  The  firft  vertical  column 
fhews  the  name  and  place  of  the  obfervers ; the  two  next  ver- 
tical columns  contain  all  thofe  obfervations  which  have  been 
made,  in  apparent  time ; the  other  columns  fhew  the  refults, 
viz.  the  fourth  column,  contains  the  true  conjunction  in  appa- 
rent time ; the  fifth  column  contains  the  longitude  of  the 
moon  in  conjunction,  which  being  always  the  fame,  needs 
not  to  be  repeated  under  every  perpendicular  column  ; the  fixth 
column  contains  the  latitude  of  the  moon,  which,  as  it  depends 
upon  the  manner  of  obferving  the  two  phafes,  is  fubjeCt  to 
2 fome 
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fome  variety ; the  feventh  or  laft  column  contains  the  difference 
between  the  various  meridians  and  that  of  Greenwich. 

This,  Sir,  in  brief,  is  the  refult  which  I have  been  abl|e  to 
deduce  from  the  various  obfervations  above  mentioned,  and 
which  I intirely  fubmit  to  your  judgement.  If  you  think  that 
it  deferves  to  be  made  public,  and  in  that  cafe  would  be  pleafed 
to  prefent  this  Paper  to  the  Royal  Society,  I fhall  eljeem 
myfelf  extremely  honoured  and  obliged  by  it. 

/'  \ 

I have  the  honour  to  be,  &c. 

JOSEPH  PIAZZI. 
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Table  of  the  obfervations  made  at  various  places  on  the  eclipfe  of  the  fun,  which  happened 


June  3,  1788,  and  of  refults  deduced  from  the  iame. 


. Beginning, 

End. 

Conj  undion. 

Longitude  of  the 
moon  in  eon- 
jundion. 

Latitude 
in  con- 
j undion 

Difference  of 
meridians. 

Greenwich, 
Dr,  Maske- 

1YNE. 

19  24  46,5 

jti, 

t u 

21  1 24,0 

\u 

/ // 

20  58  47,3 

/ // 
14  48,2 

O 

Loampit- 
Hili,  Mr. 
Aubert, 

19 

. 

24  41,9 

21  1 20,3 

20  58  44,1 

14  48,2- 

3>2W 

Oxford,  Dr. 
Hornsby. 

19 

2Q  36,1 

20  54  40,0 

20  53  46,2 

s*  0 / « 

2 14  16  54,7 

14  48,7 

/ n 

5 i,iW 

Dublin,  Dr. 

USSHER. 

19 

5 46,5 

20  27  42,1 

20  33  33)9 

14  48,3 

25  13, 4W 

Mittau,  M. 
Beitler. 

21 

20  15,0 

23  8 52,0 

22  33  4i)5 

14  48,7 

/ // 

1 34  54>2E 

Berlin,  M. 
Bode. 

20 

23  9,0 

22  14  32,0 

21  52  20,3 

14  44,2 

0 53  33e 

Vienna, 
M.  Trirs- 

NEKE.R, 

20 

25  49,0 

22  32  40,0 

22  4 l8,8 

14  39,0 

1 5 3!>5e 

Viviers, 
M.  Flau- 
gerguas. 

19  26  38,0 

2X  25  41,0 

21  17  29,0 

*4  33>o 

/ // 
l8  41, 7E 

PerinaldOjM. 

Maraldi. 

r9  37  5°>° 

* 

21  29  40 

* 

3°  53>oE 

Rouen,  M. 
Du  Lagne. 

1 . 

* 

21  7 15,0 

21  3 9,6 

4 22, 3E 

Milan,  Meff. 

DE  CESARiS 

and  Reggio. 

r9 

48  23,0 

21  51  14,0 

21  35  24)7 

r4  32>° 

36  37)4E 

Bologna,  M. 
Matteucci. 

19  55  IO,5 

22  3 45>5 

21  44 

14  31)0 

45  28E 

Padua, 
M.  Chimi- 

NELLO. 

l9 

59  20,0 

22  6 58,0 

21  46  21,3 

*4  39>° 

47  34E 

from  an  Eclipfe  of  the  Sun • 


% 

P O S T S C RIP  T. 

IN  the  month  of  February  laft,  I was  favoured  by  Count 
be  Bruhl  with  the  obfervation  of  the  eclipfe  of  the  4th  of 
June  laft,  made  at  Warfaw  by  M.  Bystrzyskx  ; about  the 
fame  time  I alfo  received  of  M.  de  la  Lande  fome  other  obfer- 
vations  of  the  fame  eclipfe,  viz.  thofe  made  at  Prague,  Mar- 
feilles,  Crefmunfter,  and  Bagdad  in  Mefcpotamia,  which  I 
immediately  calculated,  in  order  to  add  them  to  the  others, 
which  Dr.  Maskelyne  lately  did  me  the  honour  of  prefen  t- 
ing  to  the  Royal  Society. 

The  obfervation  of  Marfeilles  confirms  in  the  heft  manner 
the  difference  of  meridians  fet  down  in  the  Requifte  5 Tables. P 
differing  from  that  only  by  a fecond.  The  obfervation  of 
Warfaw  gives  a difference  ten  feconds  greater,  and  that  of 
Crefmunfter  fourteen  feconds  lefs  ; which  differences  ought 
not  to  furprize  us,  confidering  the  obfervations  upon  which 
the  longitudes  of  thefe  two  places  had  been  eftabliftied ; hut, 
on  the  other  hand,  the  obfervation  of  Prague  dearly  proves, 
that  the  fituation  of  that  town  had  been  much  lefs  accurately 
determined  than  one  might  have  expedled.  The  time  for  the 
conjunftion,  which  refults  from  this  obfervation,  is  the  very 
fame  as  that  which  is  deduced  by  M.  Gerstner’s  new  method, 
defcribed  in  the  Berlin  Ephemeris  for  the  year  1791,  p.  243. 
From  this  time  of  conjunction  the  difference  of  meridians 
comes  out  equal  to  57'  42^,7,  viz.  one  minute  and  feveiiteen 
feconds  lefs  that  that  of  the  Requifite  Tables. 

The  calculation  of  the  obfervation  made  at  Bagdat  feems  to 
indicate  that  there  is  fome  miftake  with  regard  to  the  end  of 
the  eclipfe,  having  found,  that  the  difference  of  apparent  Ion- - 
si* 
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gitude  at  the  end  is  20"  greater  than  the  fum  of  the  femi- 
diameters  of  the  fun  and  moon,  increafed  in  proportion  of  the 
apparent  altitude  of  the  moon  : for  this  reafon  I do  not  give  the 
moon’s  latitude  in  conjun£tion.  As  for  the  time  of  the  con- 
jundtion,  I deduce  it  both  from  the  two  phafes  together,  and 
from  the  commencement  only,  having  previoufly  corrected 
the  moon’s  latitude  of  the  error  which  I difcovered  in  the 
tables,  viz.  ii//,6.  The  time  of  conjundlion  which  refults 
from  the  firft  calculation  is  23  h.  $6/  1 \ " ; that  which  refults 
from  the  fecond  23  h.  56'  16"  : this  laft  nearly  agrees  in  the 
difference  of  meridians  with  the  Ephemeris  of  Paris  for  the 
year  1789,  and  differs  from  the  Requifite  Tables  by  2'  32". 

The  following  table  reprefents,  as  the  firft,  the  obfervations 
and  the  refults. 


Beginning. 

End. 

Conjun&ion. 

Longitude. 

Lati- 

tude. 

Difference 

of 

meridians. 

Warfaw,  M. 
Bystrzyski 

E t u 
20  56  45 

e / // 

22  57  33 

h-  , /, 
22  22  59,3 

/ // 
14  44 

/ // 

1 24  12 

Prague,  M. 
Strnadt. 

20  21  29 

22  21  15 

21  56  30 

14  45 

0 57  42,7 

Marfeilles,M. 

Bernard. 

19  26  42 

21  29  23,5 

21  20  17,5 

14  40 

0 21  30,2 

Crefm  under, 
M.  Fixl- 

MILLNER. 

20  15  20 

22  19  50,7 

21  54  59 

h 23 

0 56  11,7 

Bagdad,  M. 
de  Beau- 
champ. ? 

22  30  51 

23  26  J9 

23  56  n 

% 

2 57  23,7 

[ 65  ] 


VII.  An  Account  of  a bituminous  hake  or  Plain  in  the  JJland  of 
Trinidad.  By  Mr.  Alexander  Anderfon ; communicated  by 
Sir  Jofeph  Banks,  Bart . P.  R*  S. 

Read  February  19,  1789. 

A MOST  remarkable  production  of  nature  in  the  ifland  of 
Trinidad,  is  a bituminous  lake,  or  rather  plain,  known 
by  the  name  of  Tar  Lake;  by  the  French  called  La  Bray,  from 
the  refemblance  to,  and  anfwering  the  intention  of,  fhip  pitch. 
It  lies  in  the  leeward  fide  of  the  ifland,  about  half* way  from 
the  Bocas  to  the  fouth  end,  where  the  Mangrove  fwamps  are 
interrupted  by  the  fand-banks  and  hills;  and  on  a point  of 
land  which  extends  into  the  fea  about  two  miles,  exactly  oppo- 
life  to  the  high  mountains  of  Paria,  on  the  north  fide  of  the 
Gulf.  ' 

Th  is  cape,  or  head- land,  is  about  fifty  feet  above  the  level  of 
the  fea,  and  is  the  greateft  elevation  of  land  on  this  fide  of  the 
ifland.  From  the  fea  it  appears  a mafs  of  black  vitrified  rocks  ; 
but,  on  a clofe  examination,  it  is  found  a compofition  of  bitu- 
minous fcoriae,  vitrified  fand,  and  earth,  cemented  together  * 
in  fome  parts  beds  of  cinders  only  are  found.  In  approaching 
this  Cape,  there  is  a ftrong  fulphureous  fmell,  fometimes  difa- 
greeable.  This  fmell  is  prevalent  in  many  parts  of  the  ground 
to  the  diftance  of  eight  or  ten  miles  from  it. 

This  point  of  land  is  about  two  miles  broad,  and  on  the 
eaft  and  weft  fides,  from  the  diftance  of  about  half  a mile 
Vol.  LXXIX.  K from 
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from  the  fea,  falls  with  a gentle  declivity  to  it,  and  is  joined 
to  the  main  land  on  the  fouth  by  the  continuation  of  the  Man- 
grove fvvamps ; fo  that  the  bituminous. plain  is  on  the  higheft 
part  of  it,  and  only  leparated  from  the  lea  by  a margin  of 
wood  which  furrounds  it,  and  prevents  a diftant  profpect  of  it. 
Its  fituation  is  fimilar  to  a Savannah,  and,  like  them,  it  is  not 
feen  till  treading  upon  its  verge.  Its  colour,  and  even  furface, 
prefent  at  firft  the  afpect  of  a lake  of  water ; but  I imagine  it 
got  the  appellation  of  Lake  when  feen  in  the  hot  and  dry  wea- 
ther, at  which  time  its  furface  to  the  depth  of  an  inch  is 
liquid,  and  then  from  its  cohefive  quality  it  cannot  be  walked 


upon. 


It  is  of  a circular  form,  and  I luppofe  about  three  miles  in 
circumference.  At  my  firft  approach  it  appeared  a plane,  as 
imooth  as  gtafs,  excepting  fome  fmall  clumps  of  fhrubs  and 
dwarf-trees  that  had  taken  pofifelfion  of  fome  Ipots  of  it ; 
but  when  I had  proceeded  lome  yards  on  it,  I found  it  divided 
into  areola?  of  different  fizes  and  fhapes : the  chafms  or  divi- 
fions  anaftomofed  through  every  part  of  it ; the  furface  of  the 
areola  perfectly  horizontal  and  Imooth  ; the  margins  undu- 
lated, each  undulation  enlarged  to  the  bottom  till  they  join 
the  oppofite.  On  the  furface  the  margin  or  firft  undulation  is 
diftant  from  the  oppofite  from  four  to  fix  feet,  and  the  fame 
depth  before  they  coale  fee  ; but  where  the  angles  of  the  areolae 
oppofe,  the  chalms'  or  ramifications,  are  wider  and  deeper. 
When  I was-  at  it.  all  thefe  chafms  were  full  of  water,  the 
whole  farming  one  true  horizontal  plane,  which  rendered  my 
inveftigation  of  it  difficult  and  tedious,  being  neeeffitated  to 
plunge- into  the  water  a great  depth  in  paffing  from  one  areola 
to  another.  The  trueft  idea  that  can  be  formed  of  its  furface 
will  be  from  the  areolae  and  their  ramifications  on  the  back  o£ 

4 a turtle.. 
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a turtle.  Its  more  common  confidence  and  appearance  is  that 
of  pit-coal,  the  colour  rather  greyer.  It  breaks  into  fmali 
fragments,  of  a cellular  appearance  and  glofiy,  with  a number  of 
minute  and  fhining  particles  interfperfed  through  its  fubftance ; 
It  is  very  friable,  and,  when  liquid,  is  of  a jet  black  colour. 
Some  parts  of  the  furface  are  covered  with  a thin  and  brittle 
fcoria,  a little  elevated. 

As  to  its  depth,  I can  form  no  idea  of  it ; for  in  no  part  could 
I find  a fubftratum  of  any  other  fubftance ; In  feme  parts  I 
found  calcined  earth  mixed  with  it. 

Although  I imelt  lulphur  very  ftrong  on  palling  over 
many  parts  of  it,  I could  difcover  no  appearance  of  it,  or  "any 
rent  or  crack  through  which  the  fleams  might  iffue ; probably 
it  wras  from  feme  parts  of  the  adjacent  woods  : for  although  fill* 
phur  is  the  bafis  of  this  bituminous  matter,  yet  the  fmells  are 
very  different,  and  eafily  diftinguifhed,  for  its  fmell  comes  the 
neared  to  that  of  pitch  of  any  thing  I know.  I could  make 
no  impreffion  on  its  furface  without  an  axe  : at  the  depth  of  a 
foot  I found  it  a little  fefter,  with  an  oily  appearance,  in  fmali 
cells.  A little  of  it  held  to  a burning  candle  makes  a biffing 
or  cracking  noife  like  nitre,  emitting  fmali  fparks  with  a vivid 
flame,  which  extinguifhes  the  moment  the  candle  is  removed. 
A piece  put  in  the  fire  will  boil  up  a long  time  without  fuffering 
much  diminution  : after  a long  time’s  fevere  heat,  the  furface 
will  burn  and  form  a thin  fcoria,  under  which  the  reft  remains 
liquid.  Heat  feems  not  to  render  it  fluid,  or  occupy  a larger 
fpace  than  when  cold  ; from  which,  I imagine,  there  is  but 
little  alteration  on  It  during  the  dry  months,  as  the  felar  rays 
cannot  exert  their  force  above  an  inch  below  the  furface.  I 
was  told  by  one  Frenchman,  that  in  the  dry  feafon  the  whole 
was  an  uniform  fmooth  mafs;  and  by  another,  that  the  ravins 

K z contained 
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contained  water  fit  for  ufe  during  the  year;  but  neither  can  I 
believe:  for  if,  according  to  the  firft  afl'ertion,  it  was  an  homo* 
geneous  mafs,  fomething  more  than  an  external  caufe  mufl 
afFe£t  it,  to  give  it  the  prefent  appearances : nor  without  fome 
hidden  caufe  can  the  fecond-be  granted.  Although  the  bot- 
toms of  thefe  ramified  channels  admit  not  of  abforption,  yet 
from  their  open  expofure,  and  the  black  furface  of  the  circumja- 
cent parts,  evaporation  muft  go  on  amazing  quick,  and  a fhort 
time  of  dry  weather  muft  foon  empty  them ; nor  from  the 
fituation  and  ftrudture  of  the  place  is  there  a poffibility  of  fupply 
but.  from  the  clouds.  To  (hew  that  the  progrefs  of  evaporation 
is  inconceivably  quick  here,  at  the  time  I vifited  it,  there 
were,  on  an  average,  tivo-thirds  of  the  time  inceftant  torrents 
of  rain  ; but  from  the  afternoon  being  dry,  with  a gentle 
breeze  (as  is  generally  the  ca(e  during  the  rainy  feafon  in  this 
ifland,):,  there  evidently  was  an  equilibrium  between  the 
rain  and  the  evaporation  ; for  in  the  courfe  of  three  days  I 
law  it  twice,  and  perceived  no  alteration  on  the  height  of  the 
water*  nor  any  outlet  for  it  but  by  evaporation. 

I take  this  bituminous  fub fiance  to  be  the  bitumen  nfpbaltum 
Linn^x.,  A gentle  heat  renders  it  ductile;  hence,  mixed 
with  a little  greafe  or  common  pitch,  it  is  much,  u fed  for  the 
bottoms  of  (hips,  and  for  which,  intention  it  is  collected  by 
many,,  and  Ifliould  conceive  it  a prefervative  againft  the  Borer,, 
fo  deftru£Vive  to  (hips  in,  this  part  of  the  world. 

Befidea  this  place,  where  it  is,  found  in  this  folid  ftate,  it  is> 
found  liquid  in,  many  parts  of  the  woods;  and  at  the  diftance 
of  twenty  miles,  from  this. about  two  inches  thick,,  round  holes, 
of  three  or  four  inches  diameter,  and  often  at  cracks  or,  rents, 

t * 

Thii>  is  conftantly  liquid,  and.  imells  ftronger  of  tar  than  when 

indurated,, 
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indurated,  and  adheres  ftrongly  to  any  thing  it  touches ; greafe 
is  the  only  thing  that  will  divert  the  hands  of  it. 

The  foil  in  general,  for  fome  diftance  round  La  Bray,  is 
cinders  and  burnt  earths;  and  where  not  fo,  it  is  a rtrong 
argillaceous  foil ; the  whole  exceedingly  fertile,  which  is  always 
the  cafe  where  there  are  any  fulphureous  particles  in  it.  Every 
part  of  the  country,  to  the  diftance  of  thirty  miles  round,  has 
every  appearance  of  being  formed  by  convulfions  of  nature 
from  fubterraneous  fires.  In  feveral  parts  of  the  woods  are  hot 
fprings  ; fome  I tried,  with  a well  graduated  thermometer  of 
Fahrenheit,  were  20°  and  220  hotter  than  the  atmofphere 
at  the  time  of  trial.  From  its  pofition  to  them,  this  part  of  the. 
ifland  has  certainly  experienced  the  effects  of  the  volcanic  erup- 
tions, which  have  heaped  up  thofe  prodigious  maffes  of  moun- 
tains that  terminate  the  province  of  Paria  on  the  north  ; and 
no  doubt  there  has  been,  and  ftill  probably  is,  a communication 
between  them.  One  of  thefe  mountains  oppofite  to  La  Bray 
in  Trinidad,  about  thirty  miles  diftant,  has  every  appear- 
ance of  a volcanic  mountain  : however,  the  volcanic  efforts 
have  been  very  weak  herer  as  no  trace  of  them  extend  above 
two  miles  from  the  fea  in  this  part  of  the  ifland,  and  the 
greater  part  of  it  has  had  its  origin  from  a.  very  different  caufe 
to  that  of  volcanos ; but  they  have  certainly  laid  the  founda- 
tion of  it,  as  is  evident  from  the  high  ridge-  of  mountains 
which  furrounds  its  windward  fide  to  protect  it  from  the 
depredations  of  the  ocean,  and  is  its  only  barrier  againrt  that 
over-powering  element,  and  may  properly  be  called  the  fkeleton 
of  the  ifland. 

From  every  examination  I have  made,  I find  the  whole 
ifland  formed  of  an  argillaceous  earth,  either  in  its  primitive 
fiate,.  or  under  its  different  metamorphofes.  The  bafes  of  the 

mountains 
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mountains  are  compofed  of  fch'Jlus  argiilaceus  and  talcum  lilho - 
mar  go ; but  the  plains  or  low  lands  remaining  nearly  in  the 
fame  moift  ftate  as  at  its  formation,  the  component  particles 
have  not  experienced  the  viciffitudes  of  nature  fo  much  as 
the  more  elevated  parts,  confequently  retain  more  of  their  pri- 
mitive forms  and  properties.  As  argillaceous  earth  is  formed 
from  the  fediment  of  the  Ocean,  from  the  fituation  of  Trini- 
dad to  the  Continent,  its  formation  is  eafily  accounted  for, 
granting  firft  the  formation  of  the  ridge  of  mountains  that 
bound  its  windward  fide,  and  the  high  mountains  on  the  Con- 
tinent that  nearly  join  it:  for  the  great  influx  of  currents  into 
the  Gulf  of  Paria  from  the  coafts  of  Brazil  and  Andalufia 
muft  bring  a vaft  quantity  of  light  earthy  particles  from  the 
mouths  of  the  numerous  large  rivers  which  traverfe  thefe  parts 
of  the  Continent ; but  the  currents  being  repelled  by  thefe  ridges 
of  mountains,  eddies  and  fmooth  water  will  be  produced  where 
they  meet  and  oppofe,  and  therefore  the  earthy  particles  would 
fubfide,  and  form  banks  of  mud,  and  by  frefh  accumulations 
added  would  foon  form  dry  land ; and  from  thefe  caufes  it  is 
evident  fuch  a tradl  of  country  as  Trinidad  muft  be  formed. 
But  thefe  caufes  ftili  exift,  and  the  effedt  from  them  is  evident ; 
for  the  ifland  is  daily  growing  on  the  leeward  fide,  as  may  be 
feen  from  the  mud-beds  that  extend  a great  way  into  the  Gulf, 
and  there  conflantly  increafe.  But  from  the  great  influx  from 
the  Ocean  at  the  fouth  end  of  the  ifland,  and  its  egrefs  to  the 
Atlantic  again,  through  the  Bacas,  a channel  muft  ever  exift 
between  the  Continent  and  Trinidad. 
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VIII.  An  Account  of  a particular  Change  of  Structure  In  the 
human  Ovarium.  By  Matthew  Bail  lie.  M.  IX  ; communi- 
cated by  John  Hunter,  Efq.  F.  R.  S. 


' Read' February  26,.  1780. 
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THE  ovaria  in  women  are  fubjefb  to  a great  variety  o 
changes  from  their  natural  ftrufture.  Many  of  thefe 
are  exactly  fimilar  to  what  take  place  in  other  parts  of  the 
body  ; but  there  is  one  which  fee  ms  peculiar  to  them,  the 
nature  of  which  has  probably  not  been  hitherto  very  well 
afeertained.  The  change  of  ftrudiure  to  which  I allude,  is  a 
converfion  of  the  natural  fubftance  of  an  ovarium  into  a fatty 
mafs,  intermixed  with  hair  and  teeth.  This  fort  of  change  is 
rare,  although  it  occurs  fufficiently  often  to  have  been  feeu  by 
moft  perfons  who  are  very  converfant  in  the  examination  of 
dead  bodies.  There  are  many  cafes  of  it  reiatedin  the  different 
books  of  diffeftions,  but,  as  far  as  I have  difcovered,  moft  com* 
monly  without  any  remarks  upon  the  mode  of  formation  * ; or 
they  have  been  conftdered  as  very  imperfect  attempts  at  the 

* It  has  been  the  opinion  of  fome,  that  hair,  teeth,  nails,  feathers,  &c.  are 
animal  vegetables  or  plants;  and,  agreeably  to  this  opinion.  Dr.  Tyson  considers 
the  growth  of  hair  and  teeth  in  the  ovarium  as  a luj us  natures^  where  nature 
endeavours  to  produce  fomething,  and  being  difappointed  in  forming  an  animal, 
produces  a vegetable.  Vide  Hooke’s  Ledlures  and  Collection,  N°  IJ,  p.  11.. 
and  i 
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growth  of  a foetus  in  the  ovarium,  in  confequence  of  connection 
between  a male  and  a female.  This  conjeCture  refts  no  doubt  on 
ftrongcircumftances  of  probability,  andyet  there  are  many  power- 
ful reafons  which  feem  to  oppofe  its  being  well  founded.  Gene- 
ration is  a procefs  always  depending  on  the  aCtion  of  a certain 
caufe,  viz.  the  ufual  connection  between  a male  and  a female  ; 
and,  when  effects  fimilar  to  thofe  in  generation  are  perceived,  it 
becomes  very  natural  to  conclude,  that  this  caufe  has  been 
employed.  The  bias  to  fuch  an  opinion  will  become  the 
•ftronger,  from  reflecting  on  the  paffions  that  are  known 
to  influence  fo  powerfully  mankind,  by  which  the  agency  of 
this  caufe  is  frequently  excited.  When  a change,  therefore,  was 
obferved  in  an  ovarium,  by  which  it  was  converted  into  a fatty 
mafs with  hair  and  teeth,  this  (hould  feem  to  correfpond  fo  much 
with  a change  taking  place  in  confequence  of  generation,  that 
the  mind  would  fcarcely  entertain  a doubt  of  its  arifing  from  the 
fame  caufe,  and  would  readily  infer,  that  it  had  been  preceded 
by  a connexion  between  the  fexes.  This  doubt  would  ftill  be 
the  lefs,  from  the  circumftance  of  a complete  foetus  being 
fometimes  formed  in  the  ovarium,  where  the  ufual  means  of 
generation  had  been  employed.  The  following  cafe,  however, 
exhibits  many  reafons  why  we  fhould  be  led  to  believe,  that 
the  ovaria  in  women  have  fome  power  within  themfelves  of 
taking  on  a procefs  which  is  imitative  of  generation,  without 
any  previous  connection  with  a male;  and  it  is  with  this  view 
that  I proceed  to  relate  it. 

In  a female  child,  about  twelve  or  thirteen  years  old,  which 
was  lately  brought  to  Windmill*  ftreet  for  diffeCtion,  I found 
the  right  ovarium  converted  into  a fubftance,  doughy  to  the 
touch,  and  about  the  fize  of  a large  hen’s  egg.  Upon  cutting 
into  the  fubftance,  I found  an  apparently  fatty  mafs,  inter- 
mixed 
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mixed  with  hair  and  an  excrefcence  of  bones.  This  ftartled 
me  very  much,  as  1 had  always  been  led  to  believe,  that  fuch 
appearances  were  a fort  of  imperfect  conception.  The  cir- 
cumftances  altogether  being  very  lingular,  I was  led  to  pay 
confiderable  attention  to  the  change  in  the  ovarium. 

The  fatty  mafs  was  of  a yellowifh  white  colour,  in  fome 
places  more  yellow  than  in  others,  was  very  un&uous  to  the 
feeling,  and  confifted  of  fhortened  or  feparated  particles,  not 
having  the  fame  coalefcence  which  the  fat  has  generally  in  the 
body.  It  became  very  foft  when  expofed  to  the  heat  of  a fire,  and 
funk  into  a portion  of  paper,  on  which  it  was  fpread,  fo  as  to 
make  it  more  tranfparent.  When  the  paper  to  which  it  was 
applied  was  expofed  to  the  flame  of  a candle,  it  burnt  with 
confiderable  crackling. 

The  hair  with  which  the  fatty  fubftance  was  mixed  grew 
out  of  the  inner  furface  of  the  capfule  containing  it,  in  fome 
places  in  folitary  hairs,  but  chiefly  in  fmall  fafciculi,  at  Mat- 
tered irregular  difiances*  Befides  thefe,  there  were  loofe  hairs 
involved  in  the  fatty  mafs.  The  hairs  were,  fome  of  them, 
of  confiderable  length,  even  to  three  inches,  were  fine,  and 
of  a light-brown  colour.  They  refembled  much  more  the 
hairs  of  the  head,  than  what  are  commonly  found  on  the  pu- 
bis, and  correfponded  very  much  in  colour  to  the  hair  of  the 
girl’s  head. 

There  arofe  alfo  from  the  inner  furface  of  the  capfule  fome 
veftiges  of  human  teeth.  One  appeared  to  be  a canine  tooth, 
another  to  be  a fmall  grinder,  two  others  to  be  incifors,  and  there 
was  alfo  a very  imperfect  attempt  at  the  formation  of  another 
tooth.  Thefe  were  not  fully  formed,  the  fangs  being  want- 
in  g;but  in  two  of  them  the  bodies  were  as  complete  as  they 
are  ever  found  in  the  common  circumftances.  They  were  each 
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of  them  in'clofed  in  a proper  capfule,  which  arofe  from  the 
inner  furface  of  the  ovarium,  and  confifted  of  a white  thick 
opaque  membrane.  Attached  to  the  capfules  of  three  of  the 
teeth,  there  was  a white  fpungy  fubftance.  The  membrane  of 
the  ovarium  itfelf  was  of  fome  confiderable  thicknefs,  but 
unequal  in  the  different  parts,  was  very  fmooth  in  its  inner 
furface,  and  more  irregular  externally.  The  uterus  was  fmal- 
ler  than  it  is  commonly  at  birth,  was  perfectly  healthy  in  its 
ftruCture,  and  upon  opening  into  its  cavity  it  exhibited  the 
ordinary  appearances  of  a child’s  uterus  at  that  period.  The 
left  ovarium  was  very  fmall,  correfponding  to  the  ftate  of  the 
uterus.  It  appears  clearly  from  this,  that  the  uterus  had  not 
yet  received  the  increafe  of  bulk,  which  is  ufual  at  the  age  of 
puberty.  The  hymen  was  entire,  fuch  as  is  commonly  found 
in  a child  of  the  fame  age ; and  there  was  juft  beginning  a 
lanugo  upon  the  labia,  not  more  than  what  is  often  found  on 
the  upper  lip  of  a boy  of  fifteen  years  old.  Such  are  the  cir* 
cumftances  attending  this  fingular  cafe,  and  they  prefent  to  the 
mind  various  grounds  of  confideration. 

The  formation  of  hair  and  teeth  is  a fpecies  of  generation, 
for  in  faCt  it  makes  a part  of  it,  and  ftrikes  the  mind  as  being 
very  different  from  any  irregular  fubftance  which  is  formed  by 
difeafe.  This  formation  too  takes  place  in  a part  of  the  body 
which  is  fubfervient  to  generation,  and  where  a complete 
foetus  is  fometimes  formed.  The  whole  of  this  looks  very 
much  as  if  the  production  of  hair  and  teeth  in  the  ovarium  was  a 
fort  of  imperfeCt  impregnation.  But  when  we  take  another  view* 
of  it,  there  are  reafons  at  leaft  equally  ftrong  for  believing  that 
fuch  productions  may  arife  from  an  aCtion  in  the  ovarium  itfelfi 
without  any  ftimuiusfrom  the  application  of  the  male  femen. 

In 
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In  the  cafe  before  us,  the  uterus  was  as  fmall  as  at  birth, 
indeed  more  fo,  and  the  left  ovarium  (which  was  perfectly 
healthy)  correfponded  to  the  ftate  of  the  uterus.  It  had  not 
been  at  all  ftimulated,  nor  did  appear  capable  of  being  ftimu- 
lated  by  the  application  of  the  male  femen.  This  feems  to  be 
a ftrong  circumftance ; for  in  a cafe  where  there  was  an  ovum 
formed  in  one  of  the  Fallopian  tubes,  the  uterus  was  enlarged  to 
more  than  twice  its  unimpregnated  fize  ; and,  upon  opening  into 
its  cavity,  the  decidua  was  obferved  to  be  formed  as  completely 
as  in  the  impregnated  uterus.  This  preparation  is  ft  ill  p re- 
ferved  in  the  collection  of  Windmill-ftreet.  Nothing  can  be  a 
ftronger  proof,  that  when  an  impregnation  takes  place  out  of  the 
cavity  of  the  uterus,  the  uterus  ftill  takes  a ftiare  in  the  aCtion, 
and  undergoes  fome  of  the  changes  of  impregnation.  In  another 
preparation,  which  is  preferved  in  the  fame  collection,  where 
there  was  a foetus  formed  in  the  ovarium,  the  uterus  was 
increafed  to  more  than  twice  its  ordinary  fize,  was  very  thick 
and  fpungy,  and  had  its  blood-veffels  enlarged  as  in  an  im- 
pregnated uterus.  This  becomes  another  very  ftrong  proof  of 
the  aCiion  of  the  uterus  in  the  formation  of  an  extra-uterine 
foetus.  In  the  cafe  before  us,  however,  the  uterus  had  under- 
gone  no  change,  and  does  not  feem  to  have  arrived  at  that 
period,  when  it  could  be  capable  of  undergoing  fuch  a change. 

Befides,  we  are  not  to  confider  the  formation  of  teeth  in  the 
ovarium  to  be  a quicker  procefs  than  it  is  commonly  in  the 
head  of  a foetus;  but  in  the  prefen t cafe  the  teeth  having 
advanced  fully  as  far  as  they  are  at  fome  months  after  birth, 
this  procefs  muft  have  begun  at  lead  more  than  a twelvemonth 
before  the  death  of  the  child.  If  then  we  confider  it  as  an 
impregnation,  fince  the  appearances  of  thechild'do  not  warrant 
us  to  believe  her  to  have  been  more  than  twelve  or  thirteen  years 
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old,  this  brings  the  date  of  the  impregnation  to  an  earlier 
period  than  can  well  be  believed.  From  all  thefe  circum- 
iiances  we  might  be  led  to  fuppofe,  that  the  formation  of  the 
hair  and  teeth  was  not  in  confequence  of  any  connection  with 
a male,  but  arofe  from  fome  aCtion  of  the  ovarium  itfelf,  in 
which  the  uterus  did  not  participate.  The  exiftence  of  the 
hymen,  efpecially  in  fo  young  a girl,  becomes  a collateral 
confirmation  of  the  fame  opinion,  although  much  is  not  to  be 
refted  on  it,  when  taken  fingly. 

It  will,  perhaps,  have  fome  influence  in  removing  the  pre- 
judices againft  this  . opinion,  to  make  the  following  remarks* 
Hair  is  occafionaMy  formed  in  parts  of  the  human  body,  which 
are  abfolutely  unconnected  with  generation.  Encyfted  tumours 
are  fometimes  found  containing  hair.  Mr.  Hunter  has  a 
preparation  of  this  fort  in  his  collection,  which  he  cut  out  from 
under  the  fkin  of  the  eyebrow.  This  tumour  was  perfectly 
complete,  and  unconnected  with  the  fldnr  except  by  the  com- 
moo  intervention  of  cellular  membrane,  fo  as  to  have  no 
communication  whatever  with  the  hair  of  the  eyebrow* 
In  this  inftance  there  was  certainly  a fpecies  of  generation 
taking  place  in  the  encyfted  tumour  itfelf,  forming  hairs  as 
completely  and  fully  as  in  the  common  progrefs  of  the  forma- 
tion of  a child.  Such  encyfted  tumours  have  been  found  in 
other  parts  of  the  human  body,  and  ftill  more  frequently  in 
quadrupeds.  Mr.  Hunter  has  in  his  collection  many  fpeci- 
mens  of  encyfted  tumours  from  cows  and  ftieep  containing  hair 
and  wool.  Thefe  were  perfectly  complete,  fo  as  to  have  pof- 
ieffed  a power  of  production  within  themfelves,  and  were  many 
of  them  found  deeply  feated  at  a confiderable  diftance  from 
the  fkin,  which  is  the  common  parent  of  hair.  In  thefe  tu- 
mours there  is  often  the  appearance  of  layers  of  cuticle,  which  is 
z probably 
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probably  a preparatory  ftep  to  the  formation  of  hair.  All  this 
fhews  moft  clearly,  that  hair  may  be  formed  without  any 
Ipecies  of  generation  as  it  is  commonly  underftood. 

But  hair  is  in  itfelf  as  diftindt  a confequence  of  generation  as 
teeth,  and  as  much  a peculiar  fubftance.  If  then  the  one  be 
formed,  there  appears  to  be  no  reafon  why  the  other  fhould 
not  alfo  be  formed.  The  adtion  producing  the  one  is  not 
better  underftood  than  that  producing  the  other ; nor  does  it 
appear  to  be  really  in  itfelf  lefs  connedted  with  that  fpecies  of 
generation  arifing  from  the  approach  of  a male,  fo  that  teeth 
may  probably  be  formed  by  a peculiar  adtion  taking  place 
in  the  ovarium  itfelf,  as  well  as  the  hair. 

It  will  tend  to  add  further  weight  to  this  opinion,  to  con- 
fider  that  many  of  the  adult  teeth  are  formed  in  a child  after 
birth ; and  therefore  their  formation  depends  on  an  adtion 
taking  place  in  the  jaws  at  a particular  period,  and  not  on 
original  growth.  The  fame  circumftance  ftrikes  more  ftrongly 
in  the  occafional  formation  of  teeth  at  an  advanced  time  of  life* 
Both  of  thefe  procefl'es  take  place  after  the  animal  has  been 
formed,  in  confequence  of  a certain  adtion  being  excited  in  a 
particular  part  of  the  body,  and  therefore  there  is  lefs  difficulty 
in  believing  that  the  fame  fort  of  procefs  may  go  on  in  another 
part  of  the  body  not  commonly  employed  in  it.  It  feems  reafona- 
ble  alfo  to  fuppofe,  that  the  ovaria  ffiould  have  a greater  aptitude 
of  taking  on  a , procefs  fomewhat  fimilar  to  generation  than 
the  other  indifferent  parts  of  the  body,  as  they  conftitute  a part  * 
of  the  organs  which  are  fo  materially  concerned  in  the  real  ■ 
procefs  itfelf  Thefe  circumftances,  when  taken  colledtively, 

would  l 

* As  the  formation  of  teeth,  and  hair  involved  in  a fatty  mafs  may  be  faid  to 
be  peculiar  to  the  ovaria,  and  as  there  are  ftrong  reafons  for  believing,  that  this 

formation 
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would  feem  to  render  it  very  probable,  that  the  formation  of 
hair  and  teeth  in  the  ovarium  does  not  neceffarily  depend  on  a 
connection  between  a male  and  a female  (as  has  been  the  com- 
mon opinion),  but  arifes  from  fome  aCtion  within  the  ovarium 
itfelf,  which  is  imitative  of  generation. 

formation  may  take  place  without  an  intercoufe  between  the  fexes,  it  becomes 
difficult  to  account  for  this  peculiarity  in  them,  unlefs  by  fuppofmg,  that  they 
have  a greater  aptitude  of  running  into  fuch  a procefs  than  the  other  parts  of  the 

body. 
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IX.  Some  Account  of  the  Vegetable  and  Mineral  Productions  of 
Boutan  and  Thibet.  By  Mr.  Robert  Saunders,  Surgeon  at 
Boglepoor  in  Bengal;  communicated  by  Sir  Jofeph  Banks, 
Bart . j R.  $• 

Read  February  26  and  March  5,  1789. 
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ROAD  to  Buxaduar,  May  n and  12,  1783.  The  trail 
of  country  from  Bahar  to  the  foot  of  the  hills  con- 
tains but  few  plants  that  are  not  common  to  Bengal.  Pine- 
apples, mango-tree,  jack  and  faul  timber,  are  frequently  to  be 
met  with  in  the  forefts  and  jungles.  Find  many  orange-trees 
towards  the  foot  of  the  hills,  of  a very  good  fort,  and  bearing 
much  fruit.  Saw  a few  lime-trees,  and  found  three  different 
fpecies  of  the  fenfitive  plant.  One  fpecies  is  ufed  medicinally 
by  the  natives  of  Bengal  in  fevers  ; it  is  a powerful  aftringent 
and  bitter;  another  is  the  fpecies  from  which  Terra  Japonica  is 
made,  a medicine  the  hiftory  of  which  we  are  but  lately  made 
acquainted  with.  The  third  fpecies  is  well  known  as  the  fen- 
iitive  plant,  and  common  in  Bengal. 

The  country,  from  Bahar  to  the  foot  of  the  mountains,  to 
which  we  approach  without  any  afcent,  is  rendered  one  of  the 
mod  unhealthy  parts  of  India,  from  a variety  of  caufes. 

The  whole,  a perfedl  flat,  is  at  all  times  wet  and  fwampy, 
with  a luxuriant  growth  of  reeds,  long  grafs,  and  underwood, 
in  the  midft  of  ftagnated  water,  numerous  frogs  and  infe&s. 
The  exhalations  from  fuch  a furface  of  vegetable  matter  and 
fwamps,  increafed  by  an  additional  degree  of  heat  from  the 

reflection 
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( reflection  of  the  hills,  affeCt  the  air  to  a confiderable  extent, 

: and  render  it  highly  injurious  to  ftrangers  and  European  con- 
flitutions. 

The  thermometer  at  the  foot  of  the  hill,  mid-day  86%  fell 
to  78°  at  two  o’clock,  the  time  we  reached  Buxaduar,  and  that 
hour  of  the  day  when  it  is  generally  higheft. 

The  foil  and  appearance  of  the  ground  in  afcending  the  hill 
are  materially  changed.  See  many  loofe  fparry  ftones  and  rock 
containing  iron.  Two  fprings,  conducted  from  a diftant  height 
by  fpouts,  are  very  pure  and  good  water,  without  any  mineral 
impregnation.  The  mountains  in  view  covered  with  foreftsof 
trees,  rendered  ufelefs  from  their  inacceflibility.  Thofe  pecu- 
liar to  the  country  are  known  to  the  natives  by  the  names 
Boumblhi,  Toumbfhi  and  Sindeftii,befides  faul  timber,  bamboo, 
and  plantains. 

Buxaduar,  May  12  to  21.  Many  of  the  plants  peculiar  to 
Bengal  require  nurfing  at  Buxaduar.  There  is  one  very  good 
banian  tree.  In  the  jungles,  met  with  the  ginger,  and  a very 
good  fort  of  yam  ; faw  fome  pomegranate- trees  in  good  prefer- 
vation  ; fhallots  in  great  perfection ; a fpecies  of  the  Lychnis, 
Arum,  and  Afclepias,  natives  of  more  northern  fituations,  and 
of  little  ufe ; a bad  fort  of  ralberry,  and  a fpecies  of  the 
Gloriofa.  The  plantains  in  ufe  below  do  not  thrive  here* 
In  the  jungles  they  have  a plantain-tree  producing  a very  broad 

leaf,  with  which  they  cover  their  huts ; but  the  fruit  is  not 

• 

eaten.  See  many  weeds  and  long  grafs  more  common  to 
Bengal  than  any  other  parts  of  Boutan. 

From  the  15th  to  the  22d,  the  rains  were  almoft  inceflant 
at  Buxaduar.  Our  People- became  unhealthy,  and  were  at- 
tacked with  fevers,  which,  if  negleCted  in  the  beginning, 
proved  obftinate  quartans.  This  was  the  cafe  with  feveral  of 

the 
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the  natives  whom  I had  aiv  opportunity  of  feeing.  They 
fcarcely,  however,  admit  that  Buxaduar  is  unhealthy  at  any 
feafon  of  the  year.  After  allowing  for  their  prejudice,  and 
the  pofiibility  of  the  natives  fuffering  but  little  from  the  bad 
feafons,  I cannot  help  thinking,  that  Buxaduar  muft  be  un- 
healthy, at  leaft  to  ftrangers,  from  the  month  of  May  till 
towards  the  end  of  September.  It  lies  high,  but  is  over- 
topped by  the  furrounding  mountains,  covered  with  forefts  of 
trees  and  underwood.  In  all  climates,  where  the  influence  of 
the  fun  is  great,  this  is  a never-failing  caufe  of  bad  air.  The 
exhalation  that  takes  place  from  fo  great  a furface  in  the  day- 
time falls  after  funfet  in  the  form  of  dew,  rendering  the 
air  raw,  damp,  and  chilly,  even  in  the  moft  fultry  climates. 

The  thermometer  at  Buxaduar  was  never,  at  two  o’clock  in 
the  afternoon,  above  82°,  or  below  730. 

In  the  neighbourhood  of  Buxaduar  there  are  feveral  excellent 
fprings  of  water,  fome  of  them  with  lefs  impregnation  of  any 
fort  than  I ever  met  with  ; the  niceft  teft  fcarcely  produced 
the  leparation  of  a fenfible  quantity  of  earthy  matter.  Such, 
waters  are  generally  to  be  diftinguhhed  by  the  tafte,  which 
is  infipid  and  unpleafant.  When  thefe  fprings  could  be  traced 
to  their  fource,  they  funk  the  thermometer  eight  or  ten  de- 
grees below  the  temperature  of  the  atmofphere. 

Road  to  Murifhong,  May  22  and  23.  In  afcending 
the  hill  from  Buxaduar  there  is  to  be  feen  much  of  an 
imperfefl  quartz,  of  various  forms  and  colour,  having  in 
fome  places  the  appearance  of  marble ; but  from  chemical 
experiments,  it  was  found  to  pofl'efs  very  different  properties. 
This  fort  of  quartz,  when  of  a pure  white,  and  free  from 
any  metallic  colouring  matter,  is  ufed  as  an  ingredient  in  por- 
celain. I . have  not  feen  any  that  promifes  to  anfwer  that  pur- 
pofe  better  than  what  is  to  be  met  with  in  the  mountains  near 
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Buxaduar.  It  is  known  to  mineralifts  in  that  ftate  by  the 
name  of  quartz  gritftone.  The  rock  which,  forms  the  bafis  of 
thefe  mountains  dips  in  almoft  every  direction,  and  is  covered 
with  a rich  and  fertile  foil,  but  in  no  place  level  enough  to  be 
cultivated.  Many  European  plants  are  met  with  on  the  road  to 
Murifbong;.  many  difFerent  forts  of  modes,  fern,  wild  thyme, 
peaches,  willow,  chickweed,  and  grades  common  to  the  more 
four  hern  parts  of  Europe,  nettles,  thirties,  dock,  ftrawberry, 
rafberry,  and  many  deftruftive  creepers,  fome  peculiar  to 
Europe. 

Murifhong  is  the  firft  pleafant  and  healthy  fpot  to 
be  met  with  on  this  fide  of  Boutan.  It  lies  high,  and) 
much  of  the  ground  about  it  is  cleared  and  cultivated ; the 
foil,  rich  and  fertile,  produces  good  crops.  The  only  plant 
now  under  culture  is  a fpecies  of  the  Polygonum  of  Lin- 
k^us,  producing  a triangular  feed,  nearly  the  fize  of  barley* 
and  the  common  food  of  the  inhabitants.  It  was  now  the 
beginning  of  their  harveft;  and  the  ground  yields  them,  as  in 
other  parts  of  Boutan,  a fecond  crop  of  rice.  Here  are  to  be 
found  in  the  Jungles  two  fpecies  of  the  Laurus  of  Linnaeus  ; 
one  known  by  the  name  of  the  baftard  cinnamon.  The  bark 
of  the  root  of  this  plant,  when  dried,  has  very  much  the  tafte 
and  flavour  of  cinnamon  ; it  is  ufed  medicinally  by  the  natives. 
The  Chenopodium,  producing  the  femen  fantonicum,  or  worm- 
feed,  a medicine  formerly  in  great  charafter,  and  ufed  in  thofe 
difeafes  from  which  it  is  named,  is  common  here. 

Found  in  the  neighbourhood  of  this  place  all  the  European 
plants  we  had  met  with  on  the  road.  The  afcent  from  Buxa- 
duar  to  Murifhong  is  upon  the  whole  great,  with  a fenfible 
change  in  the  ftate  of  the  air. 

Road  to  Chooka,  May  25.  On  the  road  to  Chooka  find  all 

the  Murifliong  plants*  cinnamon-tree,  willow,  and  one  or  two 
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firs ; ftrawberries  every  where,  and  very  good,  and  a few  bil- 
berry plants. 

9 , 

Much  fparry  flint,  and  a fort  of  granite  with  which  the 
road  is  paved.  There  is  a great  deal  of  talc  in  the  ftones  and 
foil,  but  in  too  fmall  pieces  to  beufeful.  Frequent  beds  of  clay 
and  pure  fand.  Find  two  mineral  wells,  (lightly  impregnated 
with  iron,  with  much  appearance  of  that  metal  in  this  part  of 
the  country;  and  they  are  not  unacquainted  with  the  method 
of  extracting  it  from  the  ftones,  but  (till  delpife  its  ufe  in 
building.  Towards  Chooka  there  are  many  well  cultivated 
fields  of  wheat  and  barley. 

Road  to  Punukha,  May  26.  From  Chooka  the  country  opens, 
and  prefents  to  view  many  well  cultivated  fields  and  diftant  vil- 
lages ; a rapid  change  in  climate,  the  vegetable  productions,  and 
general  appearance  of  the  country.  Towards  Punukha,  pines 
and  firs  are  the  only  trees  to  be  met  with  ; but  they  do  not  yet 
feem  in  their  proper  climate,  being  dwarfilh  and  ill-fhaped ; 
peaches,  ralberries,  and  ftrawberries,  thriving  every  where; 
fcarce  a plant  to  be  feen  that  is  not  of  European  growth.  In 
addition  to  the  many  I have  already  mentioned,  faw  two  (pe* 
cies  of  the  Crataegus,  one  not  yet  defcribed.  Saw  two  afh- 
trees  in  a very  thriving  ftate,  the  ftar-thiftle,  and  many  other 
weeds,  in  general  natives  of  the  Alps  and  Switzerland. 

Much  of  the  rock  to-day  is,  I find  on  examination, 
pure  limeftone ; a valuable  acquifition  if  they  did  not  either 
defpife  its  ufe,  or  were  unacquainted  with  its  properties. 
It  was  moft  advantageoufly  fituated  for  being  worked,  and 
the  pureft  perhaps  to  be  met  with.  There  is  likewife  abun- 
dance of  fire-wood  in  this  part  of  the  country.  In  building 
they  would  derive  great  benefit  from  the  ufe  of  it.  Their 
houfes  are  lofty,  the  timbers  fubftantial,  and  nothing  wanting 
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to  make  them  durable,  but  their  being  acquainted  with  the  ufe 
of  lime.  As  a manure  it  might  probably  be  ufed  to  great 
advantage.  Many  fields  of  barley  in  this  part  of  the  country; 
now  the  beginning  of  their  harveft.  The  thermometer  here 
fell,  at  four  o’clock  in  the  afternoon,  to  6o° : cold  and 
chilly. 

Road  to  Chepta,  May  27.  On  the  road  to  Chepta,  the 
rock  in  general  dips  to  the  northward  and  eaftward,  in  about 
an  angle  of  iixty  degrees.  Much  of  limeftone,  and  fome  veins 
of  quartz,  and  loofe  pieces  of  {parry  flint  linking  fire  with 
fteeh 

Several  fprings,  and  one  {lightly  impregnated  with  iron. 

In  addition  to  the  plants  of  yefterday,  find  the  Coriandrum 
tefticulatum,  Inula  montana,  and  Rhododendum  magnum. 

At  Chepta  met  with  a few  turneps,  one  maple-tree,  worm- 
wood, goofe-grafs  (Galium  aparine),  and  many  other  European 
weeds  ; the  firft  walnut-tree  we  had  yet  feen. 

Chepta  lies  high,  and  not  above  fix  miles  from  the  moun- 
tain of  Lomyla,  now  covered  with  fnow.  The  wind  from 
that  quarter,  S.E.  made  it  cold  and  chilly,  and  funk  the  ther- 
mometer at  mid-day  to  570.  Here  are  fome  fields  of  wheat 
and  barley  not  yet  ripe. 

Road  to  Pagha,  May  29.  Soon  after  leaving  Chepta  find 
a mineral  well,  which,  on  a chemical  examination,  gave 
marks  of  a ftrong  impregnation  from  iron.  I traced  it  to  its 
fource,  where  the  thermometer,  on  being  immerfed,  fell  from 
68°  to  56°.  - ' ' 1 ; 

A little  before  we  reach  Pagha,  met  with  fome  limeftone,  and 
a bed  of  chalk,  which,  near  the  furface,  contained  a great 
proportion  of  fand,  but  fome  feet  under  was  much  purer. 
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The  for  efts  of  firs  of  an  inferior  growth,  feveral  aftv  trees, 
dog-rofe,  and  bramble. 

Road  to  Taflefudon,  May  30  and  31,  June  1.  The  road 
from  here  to  Taflefudon  prefents  us  with  little  that  we  have 
not  met  with ; fewer  ftrawberries,  and  no  rafberries ; fome 
very  good  orchards  of  peaches,  apricots,  apples,  and  pears. 
The  fruit  formed,  and  will  be  ripe  in  Auguft  and  September. 
Met  with  two  forts  of  cranberry,  one  very  good.  Saw  the 
Fragaria  fterilis,  and  a few  poppies.  At  Wanakha  found  a 
fewturneps,  fliallots,  cucumbers,  and  gourds.  Near  to  Tafle- 
fudon the  road  is  lined  with  many  different  fpecies  of  the  rofe, 
and  a few  jeflamine  plants.  The  foil  is  light,  and  the  hills  in 
many  places  barren,  rocky,  and  with  very  little  verdure.  The 
rock  in  general  laminated  and  rotten,  with  many  fmall  par- 
ticles of  talc  in  every  part  of  the  country  incorporated  with 
the  ftones  and  foil.  Some  limeftone,  and  appearance  of  good 
chalk.  Several  good  and  pure  fprings  of  water. 

Taflefudon  and  its  neighbourhood  abound  with  all  the 
plants  we  have  already  mentioned.  The  hills  are  chiefly 
wood,  with  firs  and  afpen.  I have  not  yet  been  able  to  find  an 
oak-tree,  and  the  afli  is  very  feldom  to  be  met  with.  The 
elder,  holly,  bramble,  and  dog-rofe,  are  common.  Found  the 
birch-tree,  cyprefs,  yew,  and  delphinium.  Many  different 
fpecies  of  the  vaccmium,  of  which  the  bilberry  is  one,  and 
the  cranberry  another.  Towards  the  top  of  the  adjacent 
mountains  met  with  two  plants  of  the  Arbutus  uva  urfi,  which 
is  a native  of  the  Alps,  the  moft  mountainous  parts  of  Scot- 
land, and  Canada. 

I have  likewife  feen  a fpecies  of  the  rhubarb  plant  (Rheum 
tmdulatum)  brought  from  a diftanee,  and  only  to  be  met  with 
near  the  fummits  of  hills  covered  with  fnow,  and  where  the 
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foil  is  rocky.  The  true  rhubarb  (Rheum  palmatum)  is  like- 
wife  the  native  of  a cold  climate ; and  though  China  fupplies 
us  with  much  of  this  drug,  it  is  known  to  be  the  growth  of 
its  more  northern  provinces,  Tartary,  and  part  of  the  Ruffian 
dominions.  The  great  difficulty  is  in  drying  the  root.  People 
verfant  in  that  bufinefs  fay,  that  one  hundred  pounds  of  the  freffi 
root  ffiould  not  weigh  above  fix  pounds  and  a half,  if  properly 
dried,  and  it  certainly  h&s  been  reduced  to  that.  I have  feen 
eighty  pounds  of  freffi  root  produced  from  one  plant ; but, 
after  drying  it  with  much  care  and  attention,  the  weight  of  the 
dried  root  could  not  be  made  lefs  than  twelve  pounds.  It  was 
fufpended  in  an  oven,  with  an  equal  and  moderate  degree  of 
heat.  Little  more  than  the  fame  quantity  of  this  powder 
produced  a fimilar  effect  with  the  beft  foreign  rhubarb. 

The  other  plants  common  here  are  the  fervice-tree,  bleffed 
thiftle,  mock  orange,  Spiraea  filipendula,  Arum,  Echites,  Punica, 
Ferula  communis,  Erica,  and  Viola.  Of  the  rofe-buffi  1 have 
met  with  the  five  following  fpecies  ; Rofa  alpina,  centifolia,  ca- 
nina,  Indica,  fpinofiffima. 

The  culture  of  pot-herbs  is  every  where  neglected ; turneps, 
a few  onions  and  ffiallots,  were  the  beft  we  could  procure. 
Mr.  Bogle  left  potatoes,  cabbage,  and  lettuce-plants,  all 
which  we  found  negleCted  and  difperfed.  They  had  very  im- 
properly (from  an  idea  moft  probably  of  their  being  natives  of 
Bengal)  planted  them  in  a fituation  and  climate  which  ap- 
proaches very  near  to  that  of  Bengal  at  all  feafons,  as  we  ffiall 
find  afterwards.  Melons,  gourds,  brinjals,  and  cucumbers,  are 
occafionally  to  be  met  with.  The  country  is  fitted  for  the 
production  of  every  fruit  and  vegetable  common  without  the 
tropics,  and  in  fome  fituations  will  bring  to  perfection  many 
of  the  tropical  fruits, 
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There  are  two  plants  which  I have  to  regret  the  not  having 
had  as  yet  an  opportunity  of  feeing  ; one  is  the  tree  from  the 
bark  of  which  their  paper  is  made ; and  the  other  is  employed 
by  them  in  poifoning  their  arrows.  This  laft  is  faid  to  come 
from  a very  remote  part  of  the  country.  They  defcribe  it  as 
growing  to  the  height  of  three  or  four  feet,  with  a hollow 
ftalk.  The  juice  is  infpiflated,  and  laid  as  a pafte  on  their 
arrows.  Fortunately  for  them,  it  has  not  all  the  bad  effects 
they  dread  from  it.  I had  an  opportunity  of  feeing  feveral 
who  were  wounded  with  thefe  arrows,  and  they  all  did  well, 
though  under  the  greateft  apprehenfion.  The  cleaning  and 
enlarging  fome  of  the  wounds  was  the  moft  that  I found' 
neceflary  to  be  done.  The  pafte  is  pungent  and  acrid,  will 
increafe  inflammation,  and  may  make  a bad  or  liegledted 
wound  mortal ; but  it  certainly  does  not  poflefs  any  fpecific 
quality  as  a poifon. 

The  fir,  fo  common  in  this  country,  is  perhaps  the 
only  tree  they  could  convert  to  a ufeful  and  profitable  pur- 
pofe.  What  I have  feen  would  not,  from  their  fituation, 
be  employed  as  timber.  The  largeft  I have  yet  met  with 
were  near  Wan  depore ; they  meafured  from  eight  to  ten  feet 
in  circumference,  were  tall  and  ftraight.  Such  near  the  Bur- 
rampooter,  or  any  navigable  river,  might  certainly  be  trail- 
fported  to  an  advantageous  market.  I am  convinced  that  any 
quantity  of  tar,  pitch,  turpentine,  and  refin,  might  be  made 
in  this  country,  much  to  the  emolument  of  the  natives.  Firs, 
which  from  their  fize  and  fituation  are  unfit  for  timber,  would, 
anfwer  the  purpofe  equally  well.  The  procefs  for  procuring  tar 
and  turpentine  is  Ample,  and  does  not  require  the  conftruftion  of 
expenfive  works.  This  great  objedl  has  been  fo  little  attended 
to,  that  they  are  fupplied  from  Bengal  with  what  they  want  of 
thefe  articles.  ' * The 
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The  country  about  Taffefudon  contains  great  variety  of  foil, 
and  much  rock  of  many  different  forms,  but  ftill  an  unpro- 
mifinp;  field  for  a mineralift.  1 have  not  found  in  Boutan  a 
foffil  that  had  the  leaft  appearance  of  containing  any  other 
metal  than  iron,  and  a fmall  portion  of  copper.  From  infor- 
mation, and  the  reports  of  travellers,  I believe  it  is  otherwife 
to  the  northward.  The  banks  of  the  Ticufhu,  admitting  of 
cultivation  for  feveral  miles  above  and  below  Taffefudon,  yield 
them  two  crops  in  the  year.  The  firft  of  wheat  and  barley  is 
cut  down  in  June ; and  the  rice,  planted  immediately  after, 
enjoys  the  benefit  of  the  rains.  This  country  is  not  without  its 
hot  wells,  as  well  as  many  numerous  fprings,  fome  of  which 
I have  taken  notice  of.  One  hot  well,  near  Wandepore,  is  fo 
clofe  to  the  banks  of  the  river  as  to  be  overflowed  in  the 
rains,  and  we  found  it  impoffible  to  get  to  it : the  heat  of  this 
well  is  great ; but  I could  not  learn  that  the  ground  about  it 
was  much  different  from  the  general  afpeCt  of  the  country. 
Another,  feveral  days  journey  from  hence,  is  on  the  brow  of 
a hill  perpetually  covered  with  fnow.  This  hot  well  is  held 
in  great  eftimation  by  the  people  of  the  country,  and  reforted 
to  by  valetudinarians  of  every  defcription.  I gained  but  little 
fatisfaCtory  information  refpe&ing  the  degree  of  heat,  or  ap- 
pearance of  the  ground  about  it,  that  could  lead  me  to  form  a 
juft  opinion  of  either. 

Taffefudon  to  Paraghon,  Sept.  8 and  9.  Left  Taffefudon, 
and  arrived  next  day  at  Paraghon.  Much  good  rich  foil,  with 
more  pafture,  where  the  ground  is  not  cultivated,  than  we  had 
yet  met  with.  Many  fields  of  turneps  in  great  perfection  ; a 
plant  they  feem  better  acquainted  with  the  cultivation  of 
than  any  other.  Find  on  the  road  many  large  and  well-thriv- 
ing birch,  willows,  pines,  and  firs,  fome  walnut-trees,  the 
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Arbutus  uva  urfi,  abundance  of  ftrawberry,  elderberry,  bil- 
berry, Chryfanthemum  or  greater  daify,  and  many  Euro- 
pean grafles.  See  the  Datura  ferox  or  thorn-apple,  a plant 
common  in  China  and  fome  parts  of  Thibet,  where  it  is  ufed 
medicinally.  They  find  it  a powerful  narcotic,  and  give  the 
leeds  where  they  with  that  effedt  to  be  produced.  It  has  been 
ufed  as  a medicine  in  Europe,  and  is  known  to  poffefs  thefe 
qualities  in  a high  degree,,  See  holly,  dog-rofe,  and  afpen. 
The  prefent  crop  near  Paraghon,  on  the  banks  of  the  Pachu, 
is  rice,  but  not  fo  far  advanced  as  at  Taffefudon  ; the  fame 
may  be  faid  of  their  fruits.  They  fay  it  is  colder  here  at  all 
feafons  than  at  Taffefudon,  which  is  certainly  below  the  level 
of  this  place* 

Towards  the  fummit  of  the  mountain  we  eroded,  found 
fome  rock  of  a curious  appearance,  forming  in  front  fix 
or  feven  angular  femi-pillars,  of  a great  circumference,  and 
fome  hundred  feet  high.  This  natural  curiofity  was  de- 
tached in  part  from  the  mountain,  and  projedled  over  a confi- 
derable  fall  of  water,  which  added  much  to  the  beautiful  and 
pidturefque  appearance  of  the  whole.  Numerous  fprings, 
fome  degrees  colder  than  the  furrounding  atmofphere,  gufhing 
from  the  rock  on  the  moft  elevated  part  of  the  mountain,  fur- 
nifli  a very  ample  and  feafonable  fupply  of  excellent  water  to 
the  traveller.  The  rock,  in  many  places  laminated,  might 
be  formed  into  very  tolerable  {late.  Near  to  Paraghon  iron 
ftones  are  found,  and  one  fpring  highly  impregnated  with  this 
mineral* 

Road  to  Dukaigun,  Septfe  it.  Our  road  to  Dukaigun, 
nearly  due  north,  is  a continued  afeent  for  eight  miles,  along 
the  banks  of  the  Pachu,  falling  over  numerous  rocks,  preci- 
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pices,  and  huge  ftones.  Here  we  begin  to  experience  a very 
confiderable  change  in  the  temperature  of  the  atmofphere ; 
the  furrounding  hills  were  covered  with  fnovv  in  the  morning, 
which  had  fallen  the  preceding  night,  but  difappeared  foon 
after  fun  rife.  The  thermometer  fell  to  540  in  the  afternoon, 
and  did  not  rife  above  62°  at  noon. 

The  face  of  the  mountains,  in  fome  places  bare,  with  pro- 
jefting  rock  of  many  different  forms  ; quartz,  flint,  and  a ^ad 
fort  of  freeftone,  common.  Many  very  good  fprings,  (lightly 
impregnated  with  a felenitic  earth. 

The  foil  is  rich,  and  near  to  the  river  in  great  cultivation. 
Many  horfes,  the  ftaple  article  of  their  trade,  are  bred  in  this 
part  of  the  country.  Found  walnut-trees,  peaches,  apples, 
and  pears. 

Road  to  Sanha,  Sept.  12.  The  road  (till  afcending  to 
Sanha,  and  near  to  the  river  for  ten  miles. 

The  thermometer  falling  fome  degrees,  we  found  it  cold  and 
chilly.  The  bed  of  the  river  is  full  of  large  ftones,  probably 
waftied  down  from  the  mountains  by  the  rapidity  of  its  ftream; 
they  are  chiefly  quartz  and  granite.  Here  is  excellent  pafture 
for  numerous  herds  of  goats. 

Road  to  Chichakumboo.  From  Sanha  the  afcent  is  much 
greater,  and,  after  keeping  for  ten  miles  along  the  banks  of 
the  Pachu,  ftill  a confiderable  dream,  we  reach  its  fource 
(from  three  diftinit  rivulets,  all  in  view,  ramified  and  fupplied 
by  numerous  fprings),  and  foon  after  arrive  at  the  moft  ele- 
vated part  of  our  road. 

Here  we  quit  the  boundary  of  Boutan,  and  enter  the  terri- 
tory of  Thibet,  where  nature  has  drawn  the  line  ftill  more 
ftrongly,  and  affords,  perhaps,  the  moft  extraordinary  con- 
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traft  that  takes  place  on  the  face  of  the  earth.  From  this 
eminence  are  to  be  feen  the  mountains  of  Boutan,  covered 
with  trees,  fhrubs,  and  verdure  to  their  tops,  and  on  the 
fouth  fide  of  this  mountain  to  within  a few  feet  of  the 
ground  on  which  we  tread.  On  the  north  fide  the  eye  takes  in 
an  extenfive  range  of  hills  and  plains,  but  not  a tree,  fihrub, 
or  fcarce  a tuft  of  grafs  to  be  feen.  Thus,  in  the  courfe  of 
lefs  than  a mile,  we  bid  adieu  to  a mod  fertile  foil,  covered 
with  perpetual  verdure,  and  enter  a country  where  the  foil  and 
climate  feem  inimical  to  the  production  of  every  vegetable.  The 
change  in  the  temperature  of  the  air  is  equally  obvious  and  rapid. 
The  thermometer  in  the  forenoon  34°,  with  froft  and  fnow 
in  the  night-time.  Our  prefent  obfervations  on  the  caufe  of 
this  change  confirmed  us  in  a former  opinion,  and  incontefta- 
bly  prove,  that  we  are  to  look  for  that  difference  of  climate 
from  the  fituation  of  the  ground  as  more  or  lefs  above  the 
general  level  of  the  earth.  In  attending  to  this  caufe  of  heat 
or  cold,  we  mu  ft  not  allow  ourfelves  to  be  deceived  by  a com- 
parifon  with  that  which  is  immediately  in  view.  We  ought 
to  take  in  a greater  range  of  country,  and  where  the  road  is 
near  the  banks  of  a river,  we  cannot  well  err  in  forming  a 
judgement  of  the  inclination  of  the  ground.  Punukha  and 
Wandepore,  both  to  the  northward  of  Taffefudon,  are  quite 
in  a Bengal  climate.  The  thermometer  at  the  firft  of  thefe 
places,  in  the  months  of  July  and  January,  was  within  two 
degrees  of  what  it  had  been  at  Rungpore  for  the  fame  periods. 
They  feem  in  more  expofed  fituations  than  Taftefudon  ; and, 
were  we  to  draw  a comparifon  of  their  heights  from  the  fur- 
rounding  ground,  I (hould  fay  they  were  above  its  level. 
The  road,  however,  proves  the  reverfe.  From  Punukha  to 
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Taffefudon  we  bad  a continued  and  fteep  afcent  for  fix  hours 
and  a half,  with  a very  inconfiderable  defcent  on  the  Tafle- 
ludon  fide.  From  the  fouth  fide  of  the  mountain  dividing 
Boutan  from  Thibet,  the  fprings  and  rivulets  are  tumbling 
down  in  cafcades  and  torrents,  and  have  been  traced  by  us 
near  to  the  foot  of  the  hills,  where  they  empty  themfelves 
to  the  eaftward  of  Buxaduar.  On  the  north  fide  they  glide 
fmoothly  along,  and  by  pafiing  to  the  northward  as  far  as 

i 

Tilhoolumboo,  prove  a defcent  on  that  fide,  which  the  eye 
could  not  detedl.  This  part  of  the  country,  being  the  mod 
elevated,  is  at  all  times  the  coldefl: ; and  the  fnowy  moun- 
tains, from  their  heights  and  bearings,  notwithftanding  the 
diftance,  are  certainly  thofe  feen  fromPurnea. 

The  foil  on  the  Thibet  fide  of  the  mountain  is  fandy,  with 
much  gravel  and  many  loofe  ftones.  On  the  road  found  the 
Aconitum  pyreneum,  and  two  fpecies  of  the  Saxifraga. 

See  a large  flock  of  chowry  tailed  cattle ; their  extenfive 
range  of  pafiure  feems  to  make  amends  for  its  poverty. 

From  Faro  to  Duina,  Sept.  15.  From  Faro  to  D'uina  pafs 
over  an  extenfive  plain,  bounded  by  many  fmall  hills,  oddly 
arranged  ; fome  of  them  detached  and  Angle,  and  all  feem 
compofed  of  fand  collected  in  that  form,  having  the  plain  for 
their  general  bafe. 

At  Duina  found  a few  plots  of  barley,  which  they  are  now 
cutting  down,  though  green,  as  defpairing  of  its  ripening* 
The  thermometer,  at  fix  o’clock  in  the  morning,  below  the 
freezing  point,  and  the  ground  partially  covered  with  fnow. 

Road  to  Chalu,  Sept.  16.  Continue  on  the  plain;  find 
three  fprings  forcing  their  way  through  the  ground  with  vio- 
lence, and  giving  rife  to  a lake  many  miles  in  extent,  ftored 
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with  millions  of  water-fowl  and  excellent  fifh.  Of  tire 
firft  faw  the  cyrus,  folan  geefe,  many  kinds  of  ducks, 
pintados,  cranes,  and  gulls  of  different  forts.  The  fp rings 
of  this  lake  are  in  great  reputation  for  the  cure  of  moft: 
difeafes.  I examined  the  water,  and  found  it  contain  a portion 
of  alum  with  the  felenitic  earth.  On  the  banks  of  the  lake 
I found  a cryftallization,  which  proves  to  be  an  alkaline  fait  \ 
it  is  ufed  by  thef  natives  for  wafhing,  and  anfwers  the  purpofe 
as  well  as  pot-afh.  The  pafture  which  is  impregnated  with 
this  fait  is  greedily  fought  after  by  fheep  and  goats,  and 
proves  excellent  food  for  them.  The  hills  are  chiefly  compofed 
of  fand  incrufted  by  the  inclemency  of  the  weather  and  vio- 
lent winds,  feeming  at  firfl  view  compofed  of  freeftone. 

Road  to  Simadar,  Sept.  17.  Pafs  a lake  ftill  more  confi- 
derable  than  the  former,  with  which  it  communicates  by  a 
narrow  ftream,  about  three  miles  long.  There  never  was  a 
more  barren  or  unpromifing  foil ; little  turf,  grafs,  or  vegeta- 
tion of  any  fort,  except  near  the  lake.  See  a few  huts,  moftly 
in  ruins  and  deferted.  The  only  grain  in  this  part  of  the 
country  is  barley,  which  they  are  cutting  down  every  where 
green. 

Pafs  two  fprings,  one  of  them  {lightly  impregnated  with 
alum.  They  form  the  principal  fource  of  a river,  which 
empties  itfelf  in  the  Burrampooter  near  Tiffoolumboo. 

The  wind  from  the  eaftward  of  fouth  is  now  the  coldefi: 
and  moft  piercing ; paffing  over  the  fnowy  mountains  and  dry 
fandy  defart  before  defcribed,  it  comes  divefted  of  all  vapour 
or  moifture,  and  produces  the  fame  effe#  as  the  hot  dry  winds 
in  more  foutherly  fituations.  Mahogany  boxes  and  furniture,  . 
that  had  withftood  the  Bengal  climate  for  years,  were  warped 
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with  confiderable  fiffures,  and  rendered  ufelefs.  The  natives 
fay,  a direct  expofure  to  thefe  winds  occafions  the  lofs  of  their 
fore -teeth  ; and  our  faithful  guide  afcribed  that  defeft  in  him- 
1 elf  to  this  caufe.  We  efcaped  with  lofs  of  the  (kin  from  the 

oreateft  Dart  of  our  faces. 

£3  A 

- Road  to  Seluh,  Sept.  18.  Near  our  road  to-day  found  a 
hot  well,  much  frequented  by  people  with  venereal  com- 
plaints, rheumatifm,  and  all  cutaneous  difeafes.  They  do  not 
drink  the  water,  but  ufe  it  as  a bath.  The  thermometer, 
when  immerfed  in  the  water,  rofe  from  40s  to  88°.  It  has  a 
ftrotig  fulphureous  fmell,  and  contains  a portion  of  hepar 
fujphuris.  Expofure  to  air  deprives  it,  as  moil  other  mineral 
wells,  of  much  of  its  property. 

Road  to  Takui,  Sept.  19.  Pafs  fome  fields  of  barley  and 
peafe,  and  get  into  a milder  climate.  Find  to-day  a great 
variety  of  (tone  and  rock,  fome  containing  copper,  and  others, 
a very  pure  rock  cryftal,  regularly  cryftallized,  with  fix  une- 
qual fides.  The  rock  cryftal  is  of  different  fizes  and  degrees 
of  purity,  but  of  one  form.  Find  fome  flint  and  granite, 
feverai  fprings  of  water  impregnated  with  iron,  and  nearly  of 
the  fame  temperature  with  the  atmofphere.  See  a few  ill- 
thriving  willows  planted  near  the  habitations,  and  which  are 
the  only  trees  to  be  met  with. 

Road  to  Tiflbolumboo,  Sept.  20,  21,  and  22.  The  remain- 
ing part  of  our  journey  is  over  a more  fertile  foil,  enjoying  a 
milder  climate.  Some  very  good  fields  of  wheat,  barley,  and 
peafe ; many  pleafant  villages  and  diftant  houfes,  lefs  fand  and 
more  rock,  part  flaty,  and  much  of  it  a very  good  fort  of  flint. 
The  foil  in  the  valley  a light-coloured  clay  and  fand.  They 
are  every  where  employed  in  cutting  down  their  crop.  What 
4 a happy 
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a happy  climate  ! The  iky  ferene  and  clear,  without  a cloud  ; 
and  fo  confident  are  they  of  the  continuance  of  this  weather, 
that  their  crop  is  thrown  together  in  a convenient  part  of  the 
field,  without  any  cover,  to  remain  till  they  can  find  time  to 

threfh  it  out, 

Before  we  reached  Tiffoolumboo  found  fome  elms  and  afh- 
trees. 

The  hills  in  Thibet  have,  from  their  general  appearance, 
flrong  marks  of  containing  thofe  foffils  that  are  inimical  to 
vegation ; fuch  are  moft  of  the  ores  of  metal  and  pyritical 
matter. 

The  country,  properly  explored,  promifes  better  than  any  1 
have  feen  to  gratify  the  curiofity  of  a pbilofopher,  and  reward 
the  labours  of  a mineralift.  Accident,  more  than  a fpirit  of 
enterprife  and  enquiry,  has  already  difcovered  the  prefence  of 
many  valuable  ores  and  minerals  in  Thibet.  The  fir  fie  in  this 
lift  is  defervedly  gold.  They  find  it  in  large  quantities,  and 
frequently  very  putt'.  In  the  form  of  gold- dull  it  is  found  in 
the  beds  of  rivers,  and  at  their  feveral  bendings,  generally- 
attached  to  fmall  pieces  of  fione,  with  every  appearance  of  its 
having  been  part  of  a larger  mafs.  They  find  it  fometimes  in 
large  mafles,  lumps,  and  irregular  veins ; the  adhering  fione 
is  generally  flint  or  quartz,  and  I have  fometimes  feen  a 
half-formed,  impure  fort  of  precious  ftone  in  the  mafs. 
By  a common  procefs  for  the  purification  of  gold,  I ex- 
traded  12  per  cent . of  refufe  from  fome  gold-duff,  and  on 
examination  found  it  to  be  fand  and  filings  of  iron,,  which  laff 
was  not  likely  to  have  been  with  it  in  its  native  (late,  but  pro- 
bably employed  for  the  purpofe  of  adulteration.  Two  days 
journey  from  Tiffoolumboo  there  is  a lead  mine.  The  ore  is 
much  the  fame  as  that  found  in  Derbvfhire,  mineralized  by 

fulphur, 
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fulphur,  and  the  metal  obtained  by  the  very  fimple  ope- 
ration of  fufion  alone.  Mod:  lead  contains  a portion  of 
filver,  and  fome  in  the  proportion  to  make  it  an  object  to 
work  the  lead  ore  for  the  fake  of  the  filver.  Cinnabar, 
containing  a large  proportion  of  quickfilver,  is  found 
in  Thibet,  and  might  be  advantageoufly  employed  for  the 
purpofe  of  extrading  this  metal.  The  procefs  is  fimple,  by 
diftillation  ; but  to  carry  it  on  in  the  great  would  require 
more  fuel  than  the  country  can  well  fupply.  I have  feen  ores 
and  loofe  ftones  containing  copper,  and  have  not  a doubt  of 
its  being  to  be  found  in  great  abundance  in  the  country.  Iron 
is  more  frequently  to  be  met  with  in  Boutan  than  Thibet; 
and,  was  it  more  common,  the  difficulty  of  procuring  proper 
fuel  for  fmelting  the  lefs  valuable  ores,  muft  prove  an  infu- 
perable  objedion  to  the  working  them.  The  dung  of  animals 
is  the  only  fubflitute  they  have  for  fire-wood,  and  with  that 
alone  they  will  never  be  able  to  excite  a degree  of  heat  fuffi- 
ciently  intenfe  for  fuch  purpofes.  Thus  fituated,  the  mo  ft 
valuable  difeovery  for  them  would  be  that  of  a coal  mine* 
In  fome  parts  of  China  bordering  on  Thibet,  coal  is  found 
and  ufed  as  fuel. 

Tincal,  the  nature  and  produdion  of  which  we  have  only 
hitherto  been  able  to  guefs  at,  is  now  well  known,  and  Thi- 
bet, from  whence  we  are  fupplied,  contains  it  in  inexhauftible 
quantities.  It  is  a foffil  brought  to  market  in  the  ftate  it  is 
dug  out  of  the  lake,  and  afterwards  refined  into  Borax  by 
ourfelves.  Rock  fait  is  likewife  found  in  great  abundance  in 
Thibet. 

The  lake,  from  whence  tincal  and  rock  fait  are  colleded,  is 
about  fifteen  days  journey  from  Tiffoolumboo,  and  to  the 
northward  of  it.  It  is  encompaffed  on  all  fides  by  rocky  hills, 
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without  any  brooks  or  rivulets  near  at  hand  ; but  its  waters  are 
fupplied  by  fprings,  which  being  faltifh  to  the  tafte  are  not 
ufed  by  the  natives.  The  tincal  is  depofited  or  formed  in  the 
bed  of  the  lake;  and  thofe  who  go  to  colled]:  it,  dig  it  up  in  , 
large  maffes,  which  they  afterwards  break  intofrnall  pieces  for 
the  convenience  of  carriage,  expofing  it  to  the  air  to  dry* 
Although  tincal  has  been  colledled  from  this  lake  for  a great 
length  of  time,  the  quantity  is  not  perceptibly  diminifhed  ; 
and  as  the  cavities  made  by  digging  it  foon  wear  out  or  fill  up, 
it  is  an  opinion  with  the  people,  that  the  formation  of  frefii- 
tincal  is  going  on.  They  have  never  yet  met  with  it  in  dry 
ground  or  high  fituations,but  it  is  found  in  the  (hallowed:  depths, 
and  the  borders  of  the  lake,  which  deepening  gradually  from, 
the  edges  towards  the  center  contains  too  much  water  to 
admit  of  their  fearching  for  the  tincal  conveniently ; but 
from  the  deeped:  parts  they  bring  up  rock  fait,  which  is  not 
to  be  found  in  the  (hallows,  or  near  the  bank.  The  waters  of 
the  lake  rife  and  fall  very  little,  being  fupplied  by  a conflant 
and  unvarying  fource,  neither  augmented  by  the  influx  of  any 
current,  or  diminifhed  by  any  ftream  running  from  it.  The 
lake,  I am  affured,  is  at  lead  twenty  miles  in  circumference, 
and  (landing  in  a very  bleak  (ituation  is  frozen  for  a great 
part  of  the  year.  The  people  employed  in  collefling  thefe 
falts  are  obliged  to  defer t from  their  labour  fo  early  as  October, 
on  account  of  the  ice.  Tincal  is  ufed  in  Thibet  for  foidering 
and  to  promote  the  fufion  of  gold  and  filver.  Rock  fait  is 
univerfally  ufed  for  all  domeftic  purpofes  in  Thibet,  Routan, 
and  Naphauh 

The  thermometer  at  Tiffoolumboo  during  the  month  of 
O&ober  was,  on  an  average,  at  eight  o’clock  in  the  morning 
38°,  at  noon  46°,  and  fix  o’clock  in  the  evening  42°.  The 
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weather  clear,  cool,  and  pleafant,  and  the  prevailing  wind 
from  the  fouthward.  During  the  month  of  November  we 
had  frofts  morning  and  evening,  a ferene  clear  fky,  not  a 
cloud  to  be  feen.  The  rays  of  the  fan  palling  through  a me- 
dium fo  little  obfcured  had  great  influence.  The  thermometer 
was  often  below  30°  in  the  morning,  and  feldom  above 
38°  at  noon  in  the  fhade  ; wind  from  the  fouthward. 

Of  the  difeafesof  this  country,  the  firft  that  at  trails  our  notice, 
as  we  approach  the  foot  of  the  hills,  is  a glandular  fwelling  in  the 
throat,  which  is  known  to  prevail  in  flmilar  fituations  in  fome 
parts  of  Europe,  and  generally  afcribed  to  an  impregnation  of 
the  water  from  fnow.  The  difeafe  being  common  at  the  foot  of 
the  Alps,  and  confined  to  a trail  of  country  near  thefe  moun- 
tains, has  firft  given  rife  to  the  idea  of  its  being  occafioned  by 
fnow  water.  If  a general  view  of  the  difeafe,  and  fituations 
where  it  is  common,  had  been  the  fubjeil  of  enquiry,  or 
awakened  the  attention  of  any  able  prailitioner,  we  ftiould 
have  been  long  fince  undeceived  in  this  refpeil.  On  the  coaft 
of  Greenland,  the  mountainous  parts  of  Wales  and  Scotland, 
where  melted  Inow  muft  be  continually  paffing  into  their 
rivers  and  ftreams,  the  difeafe  is  not,  known,  though  it  is 
common  in  Derbyshire,  and  fome  other  parts  of  England. 
Rungpore  is  about  one  hundred  miles  from  the  foot  of  the 
hills,  and  much  farther  from  the  fnow,  yet  the  dileafe  is  as 
frequent  there  as  in  Boutan.  In  Thibet,  where  fnow  is  never 
out  of  view,  and  the  principal  fource  of  all  their  rivers  and 
ftreams,  the  difeafe  is  not  to  be  met  with  ; but  what  puts  the 
matter  paft:  a doubt,  is  the  frequency  of  the  difeafe  on  the 
coaft  of  Sumatra,  where  fnow  is  never  to  be  found.  On 
finding  the  vegetable  productions  of  Boutan  the  fame  as  thofe 
of  the  Alps  in  almoft  every  inftance,  it  occurred  to  me,  that 
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the  difeafe  might  arife  from  an  impregnation  of  the  water  by 
thefe  plants,  or  the  foil  probably  pofleffing  fimilar  qualities, 
the  fpontaneous  productions  of  both  countries,  with  very  few 
exceptions,  being  fo  nearly  alike.  It  however  appears  more 
probable,  that  the  difeafe  is  endemial,  proceeding  from  a pe- 
culiarity in  the  air  of  fituations  in  the  vicinity  of  mountains 
with  fuch  foil  and  vegetable  productions.  I am  the  more 
inclined  to  think  fo,  that  I have  univerfallv  found  this  diieafe 
raoft  prevalent  among  ft  the  lower  clafs  of  people,  and  thofe 
who  are  moft  expofed  to  the  unguarded  influence  of  the  wea- 
ther, and  various  changes  that  take  place  in  the  air  of  fuch 
fituations.  The  primary  caufe  in  the  atmofphere  producing 
this  is,  perhaps,  not  more  inexplicable  than  what  we 

meet  with  in  the  low-lands  of  Effex  and  fens  of  Lincolnfhire. 
An  accurate  analyfis  of  the  water  ufed  in  common  by  the 
natives,  where  this  difeafe  is  more  or  lefs  frequent,  and  where 
it  is  not  known  in  fimilar  expofures,  might  throw  fome  light 
on  this  fubjedt. 

This  very  extraordinary  difeafe  has  been  little  attended  to, 
from  obvious  reafons  ; it  is  unaccompanied  with  pain,  feldom 
fatal,  and  generally  confined  to  the  poorer  fort  of  people.  The 
tumor  is  unfightly,  and  grows  to  a troublefome  fize,  being 
often  as  large  as  a perfon’s  head.  It  is  certainly  not  exag- 
gerating to  fay,  that  one  in  fix  of  the  Rungpore  diftrict,  and 
country  of  Boutan,  has  the  difeafe. 

As  thofe  who  labour  moft,  and  are  the  leaft  protected  from 
the  changes  of  weather,  are  moft  fuhjeft  to  the  diieafe,  we 
univerfally  find  it  in  Boutan  more  common  with  the  women 
than  men.  It  generally  appears  in  Boutan  at  the  age  of  thir- 
teen or  fourteen,  and  in  Bengal  at  the  age  of  eleven  or  twelve  ^ 
fo  that  in  both  countries  the  difeafe  fhows  itfelf  about  the  age 
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of  puberty.  I do  not  believe  this  difeafe  has  ever  been  removed, 
though  a mercuiial  courfe  feemed  to  check  its  progrefs,  but 
did  not  prevent  its  advance  after  intermitting  the  ufe  of  mer- 
cury. An  attention  to  the  primary  caufe  will  firft  lead  to  a 
proper  method  of  treating  the  difeafe  ; a change  of  fituation 
for  a fhort  while,  at  that  particular  period  when  it  appears^ 
might  be  the  means  of  preventing  it. 

The  people  of  this  happy  climate  are  not  exempt  from  the 
venereal  difeafe,  which  feems  to  rage  with  unremitting  fury  in 
all  climates,  and  proves  the  greateft  fcourge  to  the  human  race. 
It  has  been  long  a matter  of  doubt,  whether  this  difeafe  has 
ever  been  cured  by  any  other  fpecific  than  mercury  and  its 
different  preparations.  In  defence  of  the  opinion  of  other 
fpecifics  being  in  ufe,  it  has  always  been  urged,  that  the. 
difeafe  is  frequent  in  many  parts  of  the  world,  where  it  could 
not  be  fuppofed  that  they  were,  acquainted  with  quick- 
filver,  and  the  proper  method  of  preparing  it  as  a medicine. 
I muft  own,  that  I expedled  to  have  been  able  to  have  added 
one  other  fpecific  for  this  difeafe  to  our  lift  in  the  Materia 
medica,  being  informed  that  the  difeafe  was  common,  and 
their  method  of  treating  it  fuccefsful ; nor  could  I allow  my- 
felf  to  think  they  were  acquainted  with  the  method  of  pre- 
paring quickfilver,  fo  as  to  render  it  a iafe  and  efficacious  me* 
dicine.  In  this,  however,  I was  miftaken. 

The  difeafe  feems  in  this  country  to  make  a more  rapid  pro- 
grefs,  and  rage  with  more  violence,  than  in  any  other.  This  is 
to  be  accounted  for  from  the  grofsnefs  of  their  food  and  little 
attention  to  cleanlinefs. 

There  is  one  preparation  of  mercury  in  common  ufe  with 
them,  and  made  after  the  following  manner,  A portion  of  alum, 
nitre,  vermillion,  and  quickfilver,  are  placed  in  the  bottom  of  an 

earthen 
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earthen  pot,  with  a fmaller  one  inverted  put  over  the  materials?, 
and  well  luted  to  the  bottom  of  the  larger  pot.  Over  the 
fmall  one,  and  within  the  large  one,  the  fuel  is  placed,  and 
the  fire  continued  for  about  forty  minutes*  A certain  quantity 
of  fuel,  carefully  weighed  out,  is  what  regulates  them  with 
refpedt  to  the  degree  of  heat,  as  they,  cannot  fee  the  materials^ 
during  the  operation..  When  the  veflel  is  cool,  the  fmall  in- 
verted pot  is  taken  off,  and  the  materials  collected  for  ufe.  I 
attended  the  whole  of  the  procsfs,  and  examined  the  materials 
afterwards.  The  quickfilver  had  been  afted  on  by  the  other 
ingredients,  deprived  of  its  metallic  form,  and  rendered,  a fafe. 
and  efficacious  remedy.. 

A knowledge  of  chemiftry  has  taught  us  a more  certain? 
method  of  rendering  this  valuable  medicine  active  and  effica- 
cious ; yet  we  find  this, preparation  anfwering  : every  good  pur- 
pole,  and  by  their  guarded  manner  of  exhibiting  it  perfeftly; 
fafe.  This  powder  is  the  balls  of  their  pill,  and  often  ufedin -ex^* 
ternal  application*  The  whole,  when  intimately  mixed,  formed! 
a reddifh  powder,  and  was  made  into  the  form  of  pills  by.  the : 
addition  of  a plum  or  date.  Two  or  three  pills  taken,  twice  a> 

day,  generally  bring  on,  about  the  fourth  or  fifth  day,  a fpit~ 

« 

ting,  which  is  encouraged  by  continuing  the  ufe  of . the  pills  , 
for  a day  or  two  longer.  As  the  falivation  advances,  they  put  f 
aftick  acrofs  the  patient’s  mouth,  in  the  form  of  a gag,  and! 
make  it  faft  behind.  This,  they  fay,  is  done  to  promote  die 
fpitting,  and  prevent  the  lofs  of  their  teeth.  They  keep,  up. 
the  falivation  for  ten  or  twelve  days,  during  . which  time  the 
patient  is  noun  filed  with  congee  and  other  liquids*  Part  of 
this  powder  is  often  ufed  .externally-  by  diffufiag  it  in  wanm 
water,  and  Wafiiin  g fores  and  buboes*  T hey  difperfe  bu  boes 
frequently  by  poultices  of  turnip  tops,  in  which  they  always 
Kv,:.  ■ i tpnc- 
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put  Vermillion,  and  fometimes  mufk.  Nitre,  as  a cooler,  is 
very  much  ufed  internally  by  them  in  this  difeafe,  and  they 
itridly  enjoin  warmth  and  confinement  during  the  flighteft 
mercurial  courfe.  Buboes  advanced  to  fuppuration  are  opened 
by  a lancet,  with  a large  incifion,  which  they  do  not  allow  to 
clofe  before  the  hardnefs  and  tumor  are  gone.  In  fhort,  I found 
very  little  room  for  improving  their  pradice  in  this  difeafe.  I 
introduced  the  method  of  killing  quickfiiver  with  honey,  gave 
them  an  opportunity  of  feeing  it  done,  and  had  the  fatisfadion 
of  finding  it  fuccefsfully  ufed  by  themfelves  before  wre  left  the 
country. 

This  happy  climate  prefents  us  with  but  little  variety  in 
their  difeafes.  Coughs,  colds,  and  rheumatifm,  are  more  fre- 
quent here  than  in  Bengal.  Fevers  generally  arife  here  from 
a temporary  caufe,  are  eafily  removed,  and  feldom  prove  fatal. 
The  liver  difeafe  is  occafionally  to  be  met  with,  and  complaints 
in  the  bowels  are  not  unfrequent ; but  the  groffnefs  of  their  food, 
and  uncleanlinefs  of  their  perfons,  would  in  any  other  climate  be 
the  fource  of  conftant  difeafe  and  ficknefs.  They  are  ignorant 
(as  we  were,  not  many  years  ago)  of  the  proper  method  of  treat- 
ing difeafes  of  the  liver  and  other  vifcera  ; this  is,  I believe,  the 
caufe  of  the  moft  obftinate  and  fatal  difeafe  to  be  met  with  in 
the  country,  I mean  the  dropfy.  As  the  Rajah  had  ever  been 
dehrous  of  my  aid  and  advice,  and  had  direded  his  doctors  to 
attend  to  my  private  inftrudions  and  practice,  I endeavoured  to 
introduce  a more  judicious  method  of  treating  thofe  difeafes  by 
mercurial  preparations.  I had  an  opportunity  of  proving  the 
advantage  of  this  plan  to  their  convidion  in  feveral  inflances, 
and  of  feeing  them  initiated  in  the  pradice. 

The  Rajah  favoured  me  with  above  feventy  fpecimens  of  the 
medicines  in  ufe  with  them.  They  have  many  forts  of  ftones  and 

petrifadions 
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petrifa&ionsfaponaceous  to  the  touch,  which  are  employed  as  an 
external  application  in  fwellings  and  pains  of  the  joints.  They 
often  remove  fuch  complaints,  and  violent  head-achs,  by  fumi- 
gating the  part  affected  with  aromatic  plants  and  flowers.  They 
do  not  feek  for  any  other  means  of  information  refpe&ing  the 
ftate  of  a patient  than  that  of  feeling  the  pulfe  ; and  they  confi- 
dently fay,  that  the  feat  of  pain  and  difeafe  is  eafily  to  be  dis- 
covered, not  fo  much  from  the  frequency  of  the  pulfe  as  its 
vibratory  motion.  They  feel  the  pulfe  at  the  wrift  with  their 
three  fore-fingers,  firfl  of  the  right,  and  then  of  the  left 
hand  ; after  preffing  more  or  lefs  on  the  artery,  and  occa* 
fionally  removing  one  or  two  of  the  fingers,  they  determine 
what  the  difeafe  is.  They  do  not  eat  any  thing  the  day  on 
which  they  take  phyfic,  but  endeavour  to  make  up  the  lofs 
afterwards  by  eating  more  freely  than  before,  and  ufing  fuch 
medicines  as  they  think  will  occalion  coftivenefs. 

The  many  fimples  in  ufe  with  them  are  from  the  vegetable 
kingdom,  colleded  chiefly  in  Boutan.  They  are  in  general  inofFen- 
(ive  and  very  mild  in  their  operation.  Carminatives  and  aromatics 
are  given  in  coughs,  colds,  and  affe£tions  of  the  breaft.  The 
tentaury,  coriander,  carraway,  and  cinnamon,  are  of  this  fort, 
rhis  laft  is  with  them  the  bark  of  the  root  of  that  fpecies  of 
Laurus  formerly  mentioned  as  a native  of  this  country.  The 
Dark  from  the  root  is  in  this  plant  the  only  part  which  par- 
:akes  of  the  cinnamon  tafte ; and  I doubt  very  much  if  it 
;ould  be  diftinguifhed  by  the  beft  judges  from  what  we  call 
:he  true  cinnamon.  The  bark,  leaves,  berries,  and  ftalks  of 
nany  fhrubs  and  trees,  are  in  ufe  with  them,  all  in  decodlion. 
Some  have  much  of  the  aftringent  bitter  tafte  of  our  moft 
valuable  medicines,  and  are  generally  employed  here  with  the 
fame  view,  to  ftrengthen  the  powers  of  digeffion,  and  mend 
4 * ' the 
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the  general  habit.  Their  principal  purgative  medicines  are 
brought  by  the  Chinefe  to  Lada.  They  had  not  any  medicine 
that  operated  as  a vomit,  till  i gave  the  Rajah  fome  ipecacu- 
anha, who  made  the  firft  experiment  with  it  on  himfelf. 

In  bleeding  they  have  a great  opinion  of  drawing  the  blood 
ifrom  a particular  part.  For  head-achs  they  bleed  in  the  neck  ; 
for  pains  in  the  arm  and  (boulder,  in  the  cephalic  vein  ; and  of 
the  bread  or  fide,  in  the  median  ; and  if  in  the  belly,  they  bleed 
in  the  bafilic  vein.  They  think  pains  of  the  lower  extremity 
are  bed  removed  by  bleeding  in  the  ancle.  They  have  a great 
prejudice  againd  bleeding  in  cold  weather;  nor  is  any  urgency 
or  violent  fymptom  thought  at  that  time  a diffident  reafon  for 
doing  it. 

They  have  their  lucky  and  unlucky  days  for  operating  or 
taking  any  medicine;  but  I have  known  them  get  the  better 
of  this  prejudice,  and  be  prevailed  on. 

Cupping  is  much  pra&ifed  by  them ; a horn,  about  the  fize 
of  a cupping  glafs,  is  applied  to  the  part,  and  by  a lmall  aper- 
ture at  the  other  end  they  extraft  the  air  with  their 
mouth.  The  part  is  afterwards  fcarified  with  a lancet. 

This  is  often  done  on  the  back;  and  in  pain  and  fwelling  of 
the  knee  it  is  held  as  a fovereign  remedy.  I have  often  ad- 
mired their  dexterity  in  operating  with  bad  inftruments. 
Mr.  Hamilton  gave  them  dome  lancets,  and  they  have 
fince  endeavoured,  with  fome  fuccefs,  to  make  them  of  that 
form  They  were  very  thankful  for  the  few  I could  fpare 
them.  In  fevers  they  ufe  the  Kuthullega  nut,  well  known 
In  Bengal  as  an  efficacious  medicine.  They  endeavour  to  cure 
the  dropfy  by  external  applications,  and  giving  a compounded 
medicine  made  up  of  above  thirty  different  ingredients : they 
feldom  or  never  fucceed  in  effe&ing  a cure  of  this  difeafe* 
■i  I explained 
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I explained  to  the  Rajah  the  operation  of  tapping,  and  fhewed 
him  the  inftrument  with  which  it  was  done.  He  very  ear- 
neftly  expreffed  a defire  that  I (hould  perform  the  operation, 
and  wifhed  much  for  a proper  fubjedt ; fuch  a one  did  not 
occur  while  I remained,  and  perhaps  it  was  as  well  both  for 
the  Rajah’s  patients  and  my  own  credit ; for  after  having  feen 
it  once  done,  he  would  not  have  hefitated  about  a repetition  of 
the  operation.  Gravelifh  complaints  and  the  ftone  in  the  blad- 
der are,  I believe,  difeafes  unknown  here. 

The  fmall-pox,  when  it  appears  among  them,  is  a difeafe  that 
ftrikes  them  with  too  much  terror  and  confirmation  to  admit 
of  their  treating  it  properly.  Their  attention  is  not  employed  in 
faving  the  lives  of  the  infe&ed,  but  in  preferving  themfelves 
from  the  difeafe.  All  communication  with  the  infedted  is 
ftri&ly  forbidden,  even  at  the  rifle  of  their  being  ftarved,  and 
the  houfe  or  village  is  afterwards  erafed.  A promifeuous  and 
free  intercourfe  with  their  neighbours  not  being  allowed,  the 
difeafe  is  very  feldom  to  be  met  with,  and  its  progrefs 
always  checked  by  the  vigilance  and  terror  of  the  natives. 
Few  in  the  country  have  had  the  difeafe.  Inoculation,  if 
ever  introduced,  muft  be  very  general  to  prevent  the  devaftation 
that  would  be  made  by  the  infe&ion  in  the  natural  way  ; and 
where  there  could  not  be  any  choice  in  the  fubjedl  fit  to  receive 
the  difeafe,  many  muft  fall  a facrifice  to  it.  The  prefent  Ra- 
jah of  Thibet  was  inoculated,  with  fome  of  his  followers, 
when  in  China  with  the  late  Tilhoo  Lama. 

The  hot  bath  is  ufed  in  many  diforders,  particularly  in 
complaints  of  the  bowels  and  cutaneous  eruptions.  The  hot 
wells  of  Thibet  are  reforted  to  by  thoufands.  In  Boutan  they 
fubftitute  water  warmed  by  hot  ftones  thrown  into  it. 
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In  Thibet  the  natives  are  more  fubjeft  to  fore  eyes  and  blind* 
nefs  than  in  Boutan.  The  high  winds,  fandy  foil,  and  glare 
from  the  reflection  of  the  fun,  both  from  the  fnow  and  fand, 
account  for  this. 

I have  dwelt  long  on  this  fubjeCt,  becaufe  I think  the  know- 
ledge and  obfervations  of  thefe  people  on  the  difeafes  of  their 
country,  with  their  medical  practice,  keep  pace  with  a refine- 
ment and  flate  of  civilization,  which  ftruck  me  with  wonder,  and 
no  doubt  will  give  rife  to  much  curious  {peculation,  when 
known  to  be  the  manners  of  a people  holding  fo  little  inter- 
courfe  with  what  we  term  civilized  nations. 

Dec.  x*  Left  Tifhoolurnbo,  and  found  the  cold  increafe 
every  day  as  we  advanced  to  the  fouthward,  mod  of  the  run- 
ning waters  frozen,  and  the  pools  covered  with  ice  ftrong 
enough  to  carry.  Our  thermometer  having  only  the  fcale  as 
low  as  1 6°,  we  could  not  precifely  determine  the  degree  of 
cold,  the  quickfilver  being  under  that  every  morning.  The 
froft  is  certainly  never  fo  intenfe  in  Great-Britain.  On  our 
return  to  the  lakes  the  14th,  we  found  them  deferted  'by  the 
water  fowl,  and  were  informed  that  they  had  been  one  folid 
piece  of  ice  fince  the  10th  of  November.  Here  we  refumed 
our  amufement  of  fkating,  to  the  great  aftonifhment  of  the 
natives  and  Bengal  fervants. 

On  the  17th  we  re-entered  Boutan,  and  in  fix  days  more 
arrived  at  Punukha  by  Paraghon.  No  fnow  or  froft  to  be  met 
with  in  Boutan,  except  towards  the  tops  of  their  higheft: 
mountains ; the  thermometer  rifing  to  36°  in  the  morning, 
and  48°  at  noon. 

Took  leave  of  the  Debe  Rajah,  and  on  the  12th  arrived 
at  Buxaduar. 

Calcutta,  Feb.  17,  17840 
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AS  Lac  is  the  produce  of,  and  a Aaple  article  of  commerce  in 
Aflam,  a country  bordering  on  and  much  connected  with  Thi- 
bet, fome  account  of  it  may  not  be  an  improper  fupplement. 
to  the  above  remarks. 

Lac  is,  ftriCtly  fpeaking,  neither  a gummy  nor  reiinous  fub« 
fiance,  though  it  has  fome  properties  in  common  to  both. 
Gums  are  foluble  in  water,  and  refins  in  fpirits ; lac  admits  of 
a very  difficult  union  with  either,  without  the  mediation  of 
fome  other  agent.  * , : 

Lac  is  known  in  Europe  by  the  different  appellations  of 
ftick  lac,  feed  lac,  and  ffiell  lac.  The  firft  is  the  lac  in  pretty 
confiderable  lumps,  with  much  of  the  woody  parts  of  the 
branches  on  which  it  is  formed  adhering  to  it.  Seed  lac  is  only 
the  flick  lac  broke  into  fmall  pieces,  garbled,  and  appearing  in  a 
granulated  form.  Shell  lac  is  the  purified  lac,  by  a very  Ample 
procefs  to  be  mentioned  afterward. 

Many  vague  and  unauthenticated  reports  concerning  lac  have 
reached  the  public  ; and  though  amongft  the  multiplicity  of  ac- 
counts the  true  hiftory  of  this  fubftance  has  been  nearly  hit  on, 
little  credit  is  given  in  Europe  to  any  defcription  of  it  hitherto 
publiflied.  My  obfervations,  as  far  as  they  go,  are  the  refult  of 
what  I have  feen,  from  the  lac  on  the  tree,  the  progrefs  of  the  in- 
fe<A  now  in  my  cuftody,  and  the  information  of  a gentleman  re- 
dding at  Goalpara  on  the  borders  of  Affam,  who  is  perfectly 
verfant  in  the  method  of  breeding  the  in  left,  inviting  it  to  the 
tree,  collecting  the  lac  from  the  branches,  and  forming  it  into 
Iheli  lac,  in  which  ftate  much  of  it  is  received  from  Aflam, 
and  exported  to  Europe  for  various  great  and  ufeful  purpofes. 
The  tree  on  which  this  fly  moft  commonly  generates  is  known 
in  Bengal  by  the  name  of  the  Biher  tree,  and  is  a fpecies  of 
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the  Rhamnus.  The  fly  is  nourifhed  by  the  tree,  and  there 
depofits  its  eggs,  which  nature  has  provided  it  with  the 
means  of  defending  from  external  injury  by  a collection  of 
this  lac,  evidently  ferving  the  twofold  purpofe  of  a nidus  and 
covering  to  the  ovum  and  inleCt  in  its  firft  ftage,  and  food  for 
the  maggot  in  its  more  advanced  Rate.  The  lac  is  formed  into 
complete  cells,  finifhed  with  as  much  regularity  and  art  as  a 
honey-comb,  but  differently  arranged.  The  flies  are  invited 
to  depofit  their  eggs  on  the  branches  of  the  tree,  by  befmearing 
them  with  fome  of  the  frefh  lac  fteeped  in  water,  which 
attraCls  the  fly,  and  gives  a better  and  larger  crop. 

The  lac  is  collected  twice  a year,  in  the  months  of  February 

* 

and  Auguft. 

I have  examined  the  egg  of  the  fly  with  a very  good  mi- 
crofcope  ; it  is  of  a very  pure  red,  perfectly  tranfparent,  except 
in  the  centre,  where  there  were  evident  marks  of  the  embryo 
forming,  and  opaque  ramifications  pafling  off  from  the  body 
of  it.  The  egg  is  perfectly  oval,  and  about  .the  fize  of  an 
ant’s  egg.  The  maggot  is  about  the  one-eighth  of  an  inch 
long,  formed  of  many  rings  (ten  or  twelve)  with  a fmall  red 
head ; when  feen  with  a microfcope,  the  parts  of  the  head 
were  eafily  diftinguifhed,  with  fix  fmall  fpecks  on  the  breaft, 
fomewhat  projecting,  which  feemed  to  be  the  incipient  formation 
of  the  feet.  This  maggot  is  now  in  my  cuftody,  in  the  form 
of  a nymph  or  cryfalis,  its  annular  coat  forming  a ftrong 
covering,  from  which  it  fhould  ilfue  forth  a fly.  1 have  never 
feen  the  fly,  and  cannot  therefore  defcribe  it  more  fully,  or 
determine  its  genus  and  Ipecies.  I am  promifed  a drawing  of 
the  infeCt  in  its  different  ftages,  and  fhall  be  able  foon  to  add 
to  a botanical  defcription  of  the  plant  a drawing  of  the 
branch,  with  the  different  parts  of  fructification  and  lac  on  it. 

6 . The 
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The  gentleman  to  whom  I owe  part  of  my  information 
terms  the  lac  the  excrement  of  the  inleCh  On  a more  minute 
inveftigation,  however,  we  may  not  find  it  more  fo  than  the 
wax  or  honey  of  the  bee,  or  filk  of  the  filk-worm.  Nature 
has  provided  moft  infects  with  the  means  of  fecreting  a fub- 
ftance  which  generally  anfwers  the  twofold  purpofe  of  de- 
fending the  embryo,  and  fupplying  nourifliment  to  the  infefit 
from  the  time  of  its  animation  till  able  to  wander  abroad  in 
queft  of  food.  The  frefh  lac  contains  within  its  cells  a liquid, 
fweetifh  to  the  tafte,  and  of  a fine  red  colour,  mifcible  in 
water.  The  natives  of  Affam  ufe  it  as  a dye,  and  cotton 
dipped  in  this  liquid  makes  afterwards  a very  good  red  ink. 

The  fimple  operation  of  purifying  lac  is  pra&ifed  as  follows. 
It  is  broken  into  fmall  pieces,  and  picked  from  the  branches  and 
flicks,  when  it  is  put  into  a fort  of  canvas  bag  of  about  four 
feet  long,  and  not  above  fix  inches  in  circumference.  Two  of 
thefe  bags  are  in  conftant  ufe,  and  each  of  them  held  by  two 
men.  The  bag  is  placed  over  a firer  and  frequently  turned 
till  the  lac  is  liquid  enough  to  pafs  through  its  pores,  when  it 
is  taken  off  the  fire,  and  fqueezed  by  two  men  in  different 
directions,  dragging  it  along  the  convex  part  of  a plantain- 
tree  prepared  for  the  purpofe ; while  this  is  doing,  the  other 
bag  is  heating,  to  be  treated  in  the  fame  way.  The  mucila- 
ginous and  fmooth  furface  of  the  plantain-tree  feems  pecu- 
liarly well  adapted  for  preventing  the  adhefion  of  the  heated 
lac,  and  giving  it  the  form  which  enhances  its  value  fo  much. 
The  degree  of  preffure  on  the  plantain-tree  regulates  the 
thicknefs  of  the  fhell,  and  the  quality  of  the  bag  determines 
its  finenefs  and  tranfparency.  They  have  learned  of  late,  that 
the  lac  which  is  thicker  in  the  (hell  than  it  ufed  to  be,  is  moft 
prized  in  Europe.  Affam  furnifhes  us  with  the  greateft  quan- 
tity 


Mr.  Saunders’s  Account  of  the 

tity  of  lac  in  ufe ; and  it  may  not  be  generally  known,  that 
the  tree  on  which  they  produce  the  beft  and  largeft  quan- 
tity of  lac  is  not  uncommon  in  Bengal,  and  might  be  em- 
ployed in  propagating  the  fly,  and  cultivating  the  lac,  to  great 
advantage.  The  fmall  quantity  of  lac  collected  in  thefe  pro- 
vinces affords  a precarious  and  uncertain  crop,  becaufe  not 
attended  to.  Some  attention  at  particular  feafons  is  necef- 
fary  to  invite  the  fly  to  the  tree  ; and  collefting  t*he  whole  of 
the  lac  with  too  great  an  avidity,  where  the  infeft  is  not  very 
generally  to  be  met  with,  may  annihilate  the  breed. 

The  beft  method  of  cultivating  the  tree,  and  preferving 
the  infe£t,  being  properly  underftood  in  Bengal,  would  fecure 
to  the  Cofs  pofleffions  the  benefit  arifing  from  the  fale  of  a 
lucrative  article,  in  great  demand  and  of  extenfive  ufe. 


Stages  and  diftance  from  Rungpore  to  Tafiefudon  and  Tiflbo- 
lumboo,  in  computed  coffes  and  miles,  two  miles  to  a cofs. 


Coffes. 

M.  F. 

1783,  From  Rungpore  to 

May  6.  Calamaty  Plains 

5i 

1 1 O 

8.  To  Mongulhaut 

5i 

1 1 4 

9.  To  Belladinga 

7 

14  O 

10.  To  Bahar  - 

4 

8 0 

11.  To  Chichacotta  in  Boutan 

l3 

ON 

O 

12.  To  Buxaduar 

12 

24  O 

22.  To  Joogagoo 

5 

IO  O 

23.  To  Muriflhong 

5 

O 

O 

»— t 

25.  To  Chooka 

9 

t-4 

CO 

O 

66 


i32  4 


ProduBions  of  Boutan  and  Thibet. 

I 

rV 

CofTes. 

M. 

F. 

Brought  over 

66 

132 

4' 

May  26.  To  Punuka 

7 

h 

0 

27.  To  Chepta 

5 

IO 

0 

29.  To  Pagha 

5 

IO 

0 

30.  To  Numloo 

4 

8 

0 

3r.  To  Wanakha 

4 

8 

0 

June  1.  To  Taffefudon,  capital  of  Boutan 

3 

6 

0 

94 

188 

4 

Sept.  8.  To  Pimitung 

7 

14 

0 

9.  To  Paraghon 

6 

12 

0 

ii.  To  Dukaigun 

4 

8 

O" 

12.  To  Sanha 

5 

IO 

0 

13.  To  a tent  on  Thibet  ground  - 

8 

16 

0 

14.  To  Chichakumboo,  Thibet 

4 

8 

0 

15.  To  Duina 

IO 

20 

0 

id.  To  Chalu 

15 

3° 

Q 

1 7.  To  Simadar 

9 

18 

O 

18.  To  Selu  - 

'3  4 

O 

19.  ToTakui 

9 

18 

O 

20.  To  Dequini 

14 

28 

O 

21.  To  Sehundi 

- 3® 

O 

22.  ToTiffoolumboo,  capital  of  Thibet 

7 

14 

O 

2 24 

448 

4 

Jpf* 
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E T E 

V 

OROLQGICAL  JOU 

for  January  1788. 

R N A L 

Time. 

Therm 

Therm. 

Barorn. 

Rain. 

Winds. 

■ 

without 

within. 

Weather. 

T *7  R R 

' 

1700 

H.M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

Str. 

Jan.  1 

8 

0 

43 

49 

29.97 

SSE 

1 

Cloudy. 

2 

O 

45 

51 

29,91 

S 

1 

Fine. 

2 

8 

O 

48 

49 

29,58 

0,040 

S 

2 

Cloudy. 

2 

O 

48 

52 

29,24 

S 

2 

Rainy. 

3 

8 

O 

42 

5° 

28,97 

°>23S 

s 

2 

Fair. 

2 

O 

46 

52 

28,89 

s 

2 

Rainy. 

4 

8 

O 

43 

51 

29,13 

0,024 

SWby  W 

I 

Fair. 

~ 

2 

O 

44 

56 

29,23 

wsw 

I 

Fine. 

5 

8 

O 

37 

52 

29.3s 

sw 

I 

Fine. 

2 

0 

40 

56 

29,32 

sw 

I 

Fine. 

6 

8 

0 

42 

53 

29,16 

sw 

I 

Cloudy. 

2 

O 

42 

56 

29,37 

sw 

I 

Cloudy. 

7 

8 

O 

37 

52 

29,66 

wsw 

I 

Cloudy. 

2 

O 

41 

54 

29,78 

V/ 

I 

Cloudy. 

8 

8 

0 

39 

52 

29,96 

ENE 

I 

Cloudy. 

2 

0 

43 

53 

3°,°i 

ENE 

I 

Cloudy. 

9 

8 

0 

40 

51 

30,l8 

0,020 

E 

2 

Rainy. 

2 

0 

40 

52 

3°^7 

E 

2 

Cloudy. 

10 

8 

0 

37 

51 

3°,  2 1 

ENE 

I 

Cloudy. 

2 

0 

40 

53 

3°, 21 

NE 

I 

Cloudy. 

1 1 

8 

0 

37 

51  . 

30,32 

NE 

I 

Cloudy. 

2 

0 

39 

53 

30,36 

NE 

I 

Cloudy. 

12 

8 

0 

36 

52 

30,38 

W 

I 

Foggy. 

2 

0 

39 

53 

30?36 

WNW 

I 

Fine. 

*3 

8 

0 

39 

52 

20, 2i 

WNW 

I 

Cloudy. 

2 

0 

41 

53 

30sI  1 

WNW 

1 

Cloudy. 

*4 

8 

0 

36 

52 

29798 

w 

I 

Fine. 

2 

0 

41 

53 

30,19 

w 

2 

Cloudy, 

15 

8 

0 

27 

5° 

30,48 

- 

WNW 

I 

Fine. 

2 

0 

33 

52 

3°,S6 

WNW 

I 

Fine. 

16 

8 

0 

26 

5° 

30,68 

WNW 

I 

Fine. 

2 

0 

36 

52 

3°>7° 

WNW 

I 

Fine. 

METE' 
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METEOROLOGICAL  JOURNAL 

for  January  1788. 


00 

00 

Time, 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

jStr. 

Jan.  17 

8 

0 

33  ■ 

5° 

3°,66 

W 

1 

Foggy. 

2 

0 

40 

53 

3°>63 

W 

1 

Cloudy. 

18 

8 

0 

36 

50 

3°;  2 3 

W 

1 

Cloudy. 

2 

0 

45 

52 

29,98 

w 

1 

Cloudy. 

*9 

8 

0 

37 

50 

29,68 

0,060 

wsw 

2 

ICloudy. 

2 

0 

43 

53 

29,85 

wsw 

2 

Cloudy. 

20 

8 

0 

34 

5T 

30.33 

NW 

I 

Cloudy. 

2 

0 

40 

53 

3°.  38 

WNW 

I 

Cloudy. 

21 

8 

c 

39 

52 

3°>33 

WNW 

I 

Cloudy.  ^ 

2 

0 

44 

54 

30,24 

WSW 

I 

Cloudy. 

22 

8 

0 

37 

52 

29,97 

w 

I 

Fine. 

2 

0 

44 

54 

30,0° 

wsw 

2 

Cloudy. 

23 

8 

0 

39 

52 

3°>l5 

WNW 

2 

Cloudy, 

2 

0 

44 

54 

3o?°7 

WNW 

2 

Cloudy. 

24 

8 

0 

44 

52 

29,86 

W 

2 

Cloudy. 

2 

0 

48 

54 

29,84 

w 

2 

Cloudy. 

25 

8 

0 

43  ' 

54 

29,9c 

0,020 

w 

I 

Cloudy. 

<£ 

2 

0 

45 

56 

30,02 

w 

I 

Fine. 

26 

8 

0 

39 

55 

30,06 

VY 

I 

Fine. 

2 

0 

46 

55 

29,98 

wsw 

I 

Cloudy. 

27 

8 

0 

42 

54 

29,97 

0,040 

S by  W 

I 

Cloudy. 

2 

0 

45 

56 

30,02 

S 

I 

Cloudy. 

28 

8 

0 

38 

54 

30,27 

SW 

I 

Cloudy. 

2 

0 

39 

56 

S0^1 

WSW 

I 

Cloudy. 

29 

8 

0 

32 

53 

3°>33 

WNW 

I 

Foggy. 

2 

0 

35 

53 

3°>35 

N 

I 

Foggy. 

3° 

8 

0 

33 

52 

30.38 

N£ 

I 

Cloudy. 

2 

0 

3** 

53 

30J41 

NE 

X 

Cloudy.  ; 

31 

8 

0 

36 

51 

30.3° 

E 

I 

Cloudy.  1 

2 

0 

38 

54 

3°52I 

-r  1 

ESE 

I 

Cloudy. 

Q,  2 


METE' 


I 
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METEOROLOGICAL  JOURNAL 


for  February  1788, 


1788 

Time, 

Therm. 

without 

Therm 

within. 

Barom. 

Rain,  j 

Winds. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

! 

Str. 

1 

I _3-> 

8 

0 

32 

50 

3°,°° 

ESE 

1 

Cloudy. 

2 

0 

33 

5° 

29,87 

ESE 

I 

Cloudy. 

2 

8 

0 

29 

5° 

29,56 

N 

1 

Cloudy. 

2 

0 

37 

5i 

29>55 

NW 

2 

Cloudy. 

3 

8 

0 

43 

5° 

29,26 

0,076 

wsw 

2 

Cloudy. 

2 

0 

46 

52 

29,40 

wsw 

2 

Cloudy. 

4 

8 

0 

35 

50 

29>73 

sw 

I 

Foggy. 

2 

0 

42 

53 

29,77 

sw 

I 

Fine. 

5 

8 

0 

40 

50 

29,70 

0,112 

E 

I 

Cloudy. 

2 

0 

46 

52 

29,71 

E 

I 

Cloudy. 

6 

8 

0 

35 

5r 

3°’ 1 5 

w 

I 

Foggy. 

2 

0 

45 

53 

3o,i3 

w 

I 

Cloudy. 

7 

8 

0 

37 

52 

3°, 21 

NE 

I 

Foggy. 

2 

0 

46 

54 

3°’  2 1 

NE 

I 

Cloudy. 

8 

8 

0 

39 

53 

NE 

I 

Cloudy. 

2 

0 

38 

53 

29598 

NE 

I 

Rainy. 

9 

! 8 

0 

33 

5 1 

29580 

0,067 

NNE 

I 

Cloudy. 

2 

0 

33 

53 

29’73 

NNE 

I 

Cloudy. 

10 

8 

0 

33 

51 

29’73 

N 

I 

Cloudy. 

2 

0 

35 

51 

29,77 

NW 

1 

Cloudy. 

1 1 

8 

0 

[•■  38 

50 

29^89 

SE 

I 

Cloudy. 

2 

0 

| 45 

54 

29598 

ssw 

I 

Cloudy. 

12 

8 

0 

40 

51 

30521 

/ 

sw 

I 

Foggy. 

2 

0 

48 

52 

3°,  1 6 

sw 

I 

Cloudy. 

* *3 

8 

0 

43 

52 

29,94 

0,040 

sw 

I 

Small  rain. 

2 

0 

49 

54 

29,97 

w 

1 

Fair. 

14 

8 

0 

40 

52 

30,12 

w 

I 

Cloudy. 

2 

0 

49 

54 

30?C6 

w 

1 

Cloudy. 

15 

8 

0 

44 

53 

29,86 

0, 146 

WNW 

I 

Cloudy. 

2 

0 

50 

5} 

29,85 

NW 

I 

Fine. 

16 

8 

0 

41 

54 

29  76 

0,053 

WSW 

I 

Rain. 

2 

c 

47 

56 

29,65 

wsw 

I 

Fair.  J 

METE 
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METEOROLOGICAL  JOURNAL 


for  February  1 788. 


■ 

Time. 

Therm. 

Therm. 

Earom. 

Rain. 

Winds.  - 

00 

00 

I"* 

without 

within. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

8tr 

Feb. 17 

8 

0 

46 

5^ 

29,71 

W 

I 

Cloudy. 

2 

0 

47 

56 

29=75 

ssw 

I 

Cloudy. 

18 

8 

e 

33 

53 

29,83 

0,1.32 

E 

* 

I 

Cloudy. 

2 

0 

39 

S3 

29,79 

ESE 

I 

Fair, 

19 

8 

0 

39 

52 

29>45 

E- 

I 

Cloudy, 

2 

0 

44 

54 

29=33 

SSE 

I 

Fine. 

20 

8 

0 

39 

5i 

29,02 

0,032 

3 E 

I 

Cloudy* 

2 

0 

42 

54 

28,91 

E 

I 

Cloudy. 

21 

8 

0 

44 

52 

28,71 

0,235 

' E 

I 

Rainy. 

2 

0 

47 

54 

28,65 

SSS 

I 

Rainy, 

22 

8 

0 

44 

53 

28,76 

0,325 

SW 

I 

Cloudy. 

2 

0 

47 

54 

2.8,94 

wsw 

I 

Cloudy. 

23 

8 

0 

41 

53 

29A5 

SW 

I 

Fine. 

2 

0 

48 

54 

2,9,08 

ssw 

I 

Fair. 

24 

8 

0 

42 

53 

28,98 

ESE 

I 

Cloudy. 

2 

0 

44 

54 

2.8,91 

NE 

I 

Pvain. 

25 

8 

0 

39 

53 

29’33 

0, 168 

NW 

I 

Cloudy. 

2 

0 

43 

54 

29,50 

WNW 

I 

Cloudy. 

26 

8 

0 

3° 

52 

29,62 

WNW 

I 

Fine. 

2 

0 

45 

54 

29, 56 

0,038 

W 

I 

Fair. 

27 

8 

0 

41 

52 

29=3! 

E 

I 

Rain. 

2 

0 

44 

54 

29>35 

E 

I 

Cloudy. 

28 

8 

0 

41 

52 

29,50 

E 

I 

Cloudy, 

2 

0 

44 

53 

29,47 

E 

I 

Cloudy, 

29 

8 

c 

42 

53 

29,28 

0,037 

SE 

I 

Cloudy. 

2. 



0 

48 

54 

29^,20 

i 

SSE 

I 

C 1 oudy. 

MET  E- 
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METE 

O 

& 

0 

LOG 

I C A 

L J O U 

R N A L 

-■ 

- - - i- 

for  March  1 

**4 

OO 

OO 

• 

1 

Time. 

Therm. 

Ttierm. 

Barom. 

Rain. 

Winds. 

1 7 8 B 

without 

within. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

Str. 

iVl  ar,  I 

7 

0 

35 

53 

29)43 

5 W by  S 

Fine. 

2 

0 

45 

54 

29,48 

ssw 

Fair. 

2 

7 

0 

4i 

52 

29,52 

E 

1 

Cloudy. 

.2 

0 

42 

53  - 

29,63 

ESE 

2 

Cloudy. 

3 

7 

0 

35 

Si 

29>99 

E 

2 

Cloudy, 

2 

0 

41 

53 

30,08 

E 

2 

Fair. 

4 

7 

0 

36 

51 

3°)°3 

NW 

I 

Foggy. 

2 

0 

42 

53 

29,92 

W 

I 

Fair. 

5 

7 

0 

33 

5i 

29.97 

NNW 

I 

Cloudy. 

2 

0 

4^ 

53 

29,88 

W 

I 

Fair. 

6 

7 

0 

39 

5 1 

29>34 

0*075 

wsw 

I 

Fair. 

2 

0 

43 

53 

29>45 

WNW 

2 

Cloudy* 

7 

7 

0 

34 

co 

29’43 

NW 

I 

Fair. 

2 

0 

4° 

5i 

29*51 

NW 

I 

Fair. 

8 

7 

0 

28 

48 

29,52 

NE 

I 

Fair. 

2 

0 

39 

50 

29,54 

NE 

I 

Fairs 

9 

7 

0 

29 

48 

29,59 

NS 

2 

Fairs 

2 

0 

39 

49 

29,64 

ENE 

2 

Fair. 

10 

7 

0 

3° 

47 

29,89 

ENE 

I 

Fine. 

2 

0 

38 

5° 

29*97 

ENE 

I 

Fair. 

] 1 1 

7 

0 

28 

46 

30,06 

ENE 

I 

Fine. 

2 

0 

33 

5° 

30,08 

ENE 

I 

Fine. 

12 

7 

0 

29 

47 

3°>°3 

E 

I 

Fine. 

2 

0 

39 

51 

30,00 

ENE 

I 

Fine. 

13 

7 

0 

29 

47 

29,84 

ESE 

I 

Cloudy. 

2 

c 

32 

48 

29>73 

ESE 

i 

Cloudy. 

H 

7 

c 

31 

46 

29,52 

E 

1 

Fine. 

0 

c 

39 

49 

29*44 

ESE 

1 

Fair. 

15 

7 

c 

36 

46 

29,44 

ESE 

1 

Cloudy. 

2 

c 

40 

49 

29,46 

ESE 

1 

Cloudy, 

16 

7 

c 

38 

47 

29,46 

0,120 

ESE 

1 

Cloudy, 

1 2 

c 

37 

1 47 

i 29,46 

ESE 

2 

Cloudy. 

METE* 


I 
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METEOROLOGICAL  JOURNAL 


for  March  1788. 


1788 

Time 

Therm. 

vvithou: 

Therm. 

within. 

Baromu 

Rain. 

Winds. 

- — y 

Weather. 

a. 

M. 

Teg. 

Deg. 

,nc.hes. 

/ 

Inch. 

Points. 

Str. 

Mar.  17 

7 

0 

33 

46 

29.5° 

ESE 

2 

Cloudy. 

2 

0 

33 

47 

29,52 

ESE 

2 

Cloudy. 

18 

7 

0 

33 

46 

29,68 

ESE 

2 

Cloudy. 

2 

0 

39 

49 

29>75 

ESE 

2 

Cloudy. 

*9 

7 

0 

36 

47 

30,00 

SE  by  E 

I 

Fair. 

2 

0 

42 

49 

3°,°3 

SE  by  E 

I 

Fair. 

20 

7 

0 

41 

47 

29,82 

SE 

I 

C'oudy. 

2 

0 

50 

50 

29,74 

sw 

I 

Fair. 

21* 

7 

0 

44 

49 

29,76 

0,070 

ssw 

I 

Fair. 

2 

0 

52 

53 

29,72 

sw 

>1 

Fair. 

22 

7 

0 

43 

1.  5o 

29,57 

ssw 

I 

Cloudy, 

2 

0 

47 

53 

29,48 

S3E 

I 

Cloudy. 

23 

7 

0 

39 

50 

29>32. 

P107 1 

N 

2 

Cloudy, 

2 

0 

44 

53 

^9>47 

N 

2 

Cloudy. 

24 

7 

0 

4° 

49 

29,61 

sw 

2 

Fair. 

2 

0 

51 

53 

29>59 

ssw 

2 

Hazy. 

25 

7 

0 

46 

5i 

29,52 

ssw 

2 

Cloudy, 

2 

0 

52 

54 

29,58 

ssw 

2 

Fair. 

26 

7 

0 

40 

5 2 

29,60 

SSE 

2 

Fine. 

- 

2 

0 

53 

55 

29,52 

SSE 

2 

Fine. 

27 

7 

0 

42 

54 

29?52 

s 

I 

Fine. 

2 

0 

51 

57 

29,44 

SSE 

2 

Fine. 

28 

7 

0 

46 

55 

'*9,45 

ssw 

2 

Fair. 

2 

0 

56 

»•  57 

2^57 

sw 

2 

Fair. 

29 

7 

0 

46 

55 

29,92 

wsw 

I 

Cloudy. 

. 

2 

c 

5^ 

53 

30,01 

w 

1 

Fair. 

3°: 

7 

0 

59 

56 

2-9*95  1 

wsw 

I I 

Cloudy. 

2 

c 

59 

58 

29,90 

sw 

2 

Fine. 

31 

7 

0 

48 

58 

2.9,63 

w 

2 

Fine. 

2 

0, 

49 

59 

29,68  j 

w 

2 I 

Fair. 

MET  B** 


[ 120  ] 

'r  rtwni'w  ■!■  i ■ -■»*».  mriii.*..  n ■— i«i  ■—’■  ■■  i .» ■,■1-  ■ ■ I '■■  n II  ■ ■ ■ ■■■  i ■■■■■■  i i ■ ■—  ■ ■ ■■■  — ■ ■"■•■!  m 

M ETEORO  LOGICAL  JOURNAL 


for  April  1788, 


00 

CO 

r- 

H 

Time. 

Therm . 
without 

Therm, 

within. 

Barom, 

Rain. 

Winds. 

Weather. 

H. 

M. 

Deg, 

Deg. 

1 

Inches. 

Inch. 

Points.  |Str. 

April  1 

7 

0 

47 

56 

29,72 

0,390 

W 

2 

Rainy. 

2 

0 

55 

60 

29.74 

WNW 

2 

Fair. 

2 

7 

0 

46 

57 

30,09 

w 

2 

Fair. 

2 

0 

53 

60 

30,02 

w 

2 

Fair. 

3 

7 

0 

47 

58 

29,72 

w 

2 

Fair. 

2 

0 

54 

60 

29,50 

w 

2 

Fair. 

4 

7 

0 

43 

57 

29,67 

MW 

2 

Cloudy. 

2 

0 

40 

58 

29.75 

NWbyN 

2 

Hail. 

5 

7 

0 

40 

55 

29.97 

NNW 

2 

Cloudy. 

2 

0 

41 

57 

30,10 

N 

2 

C oudy. 

6 

7 

G 

42 

55 

30,22 

0,020 

W 

I 

Fair. 

* - 

2 

O 

5T 

59 

3°j23 

W 

I , 

Cluudy. 

/ 

7 

0 

48 

55 

3°>27 

W 

I 

Cloudy. 

2 

O 

51 

56 

3°.3G 

WNW 

I 

Cloudy. 

8 

7 

O 

51 

56 

3°»39 

WNW 

I 

Cloudy. 

2 

O 

59 

59 

3°,42 

WNW 

I 

Cloudy. 

9 

7 

O 

.48 

s& 

■30,48 

WNW 

I 

Fair. 

2 

/O 

59 

59 

30,47 

NNW 

1 

Cloudy. 

10 

7 

0 

51 

57 

30,40 

1 

E 

I 

Cloudy. 

2 

0 

59 

59 

3°  3° 

ESE 

I 

Fine, 

11 

7 

0 

49  - 

57 

, 30,16 

E 

I 

Fine. 

2 

0 

O 

5° 

59 

30,07 

SE 

I 

Fine. 

12 

7 

0 

48 

57 

29,97 

SSW 

I 

Fine. 

2 

0 

56 

58 

3°’°9 

SoW 

I 

Fine. 

■ *3 

7 

0 

•45  . 

57 

30.2  8 

SW 

1 

Fine* 

2 

0 

59 

61 

3°>-5 

hW  by  W 

I 

Fine. 

14 

7 

0 

45 

58 

0,00 

W 

1 

Fine. 

2 

0 

53 

61 

30,00 

w . 

I 

Rbny. 

lS 

7 

0 

43 

57 

30.03 

0,097 

W 

I 

Fine. 

2 

0 

A 

59 

n rs  r\  fa 

w 

I 

Fair. 

16 

j 7 

W 

j 45 

57 

3°. 11 

w 

I 

F air. 

i 2 

0 

! 53 

59 

33>»  1 

W 

l 

Fair. 

METE 
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METEOROLOGICAL  JOURNAL 

for  April  1 788. 


1788 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

Str. 

Apr.  17 

7 

0 

48 

58 

3°;°9 

W 

1 

Cloudy. 

2 

0 

55 

60 

30,09 

W 

1 

Cloudy, 

18 

7 

0 

50 

59 

• 30,21 

W 

1 

Fair. 

2 

0 

62 

61 

30,26 

N 

1 

Fair. 

l9 

7 

0 

54 

60 

3°>27 

E 

1 

Fair. 

2 

0 

6 5 

61 

30,24 

SE 

1 

Fine, 

20 

7 

0 

52 

60 

3°>°3 

SSE 

1 

Fine. 

2 

0 

67 

61 

29,88 

ssw 

1 

Fine. 

21 

7 

0 

45 

59 

29,76 

0,100 

sw 

1 

Fine. 

2 

0 

56 

60 

29,70 

wsw 

2 

Fine. 

22 

7 

0 

46 

59 

29>95 

sw 

2 

Fine. 

i 

2 

0 

55 

61 

29,90 

sw 

I 

Cloudy, 

23 

7 

0 

53 

60 

29,91 

wsw 

I 

Cloudy. 

2 

0 

63 

61 

29,89 

w 

I 

Cloudy. 

24 

7 

0 

47 

60 

29,95 

w 

I 

Fine.  • 

2 

0 

56 

60 

30,01 

WNW 

2 

Fine. 

25 

7 

0 

49 

58 

29,97 

1 

WNW 

2 

Fair. 

2 

0 

57 

61 

29,96 

WNW 

2 

Fair..  - 

26 

7 

0 

54 

59 

30, 1 5 

w 

I 

Cloudy. 

2 

0 

61 

60 

30,18 

W by  S 

2 

Fair. 

27 

7 

0 

48 

58 

30,28 

SW 

I 

Fine. 

2 

0 

63 

61 

30,28 

wsw 

r 

Fine. 

28 

7 

0 

47 

59 

30,32 

w 

1 

Fine. 

2 

0 

66 

60 

30,28 

SE  ‘ 

1 

Fine. 

29 

7 

0 

, 55 

60 

3°, 2 7 

ESE 

1 

Fine. 

2 

0 

68 

63 

30,22 

ESE 

1 

Fine, 

3° 

7 

0 

55 

60 

30,22 

ESE 

1 

Fine. 

2 

0 

68 

63 

30,20 

ESE 

1 

Fine. 

Vol,  LXXDC  R MET  E- 
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M 

E T E 

0 R 0 

LOG 

I C A L JOU 

R N A L 

; 

for  May  1 

788.. 

Time. 

Therm. 

Therm. 

Barom. 

Rain. 

Winds 

• 

1 

1788 

i 

without 

within. 

4 

Weather, 

H. 

M. 

Deg. 

Deg. 

Inches.  Inch. 

Points. 

Str. 

Via  y 1 

7 

0 

54 

60 

30,1.8 

ESE 

1 

Fine. 

2 

c 

69 

63 

3°,  16 

ESE 

1 

Fine. 

2 

7 

0 

56 

61 

3°>I4 

■ 

Nfi 

1 

Fine. 

2 

0 

W 

64. 

30,14 

E 

2 

Fine. 

3 

7 

0 

5° 

60 

3°- 34 

ENE 

2 

Cloudy. . 

2 

0 

57 

62 

3°>32 

ENE 

. 2 

Fair. 

4 

7 

0 

50 

60 

30,29 

NE 

f 1 

Cloudy. 

2 

0 

55 

61 

30,27, 

NNE  _ 

2 

Fair. 

5 

7 

c 

S* 

60 

30,22 

ESE 

2 

Fine. 

2. 

0 

64 

61 

SO’H 

ESE 

2 

Fine. 

6 

7 

0 

54 

61 

3°, 02 

ESE 

I 

Fine. 

2 

0 

68 

62 

29,98 

ESE 

I 

Fine. 

7- 

7 

0 

57 

61 

29,88 

SSE 

I 

Fair. 

2 

0 

64 

63 

29,86 

SW  byS 

I 

Cloudy., 

8 

7 

0 

54 

61 

29,96 

0,025 

ssw 

I 

Fine. 

2 

0 

66 

64 

29>93 

ssw 

I 

Fine. 

9 

7 

0 

53 

62 

29,91 

ssw 

I 

Cloudy. 

. 

2 

0 

64 

64 

29,86 

sw 

2 

Fair. 

10 

7 

0 

53 

61 

29  93 

0,080 

wsw 

2 

Fine. 

■ 

2 

0 

62 

63 

29,98 

w 

Fine. 

1 1 

7 

0 

49 

60 

30,18 

"WNW 

I. 

Cloudy. 

2 

0 

62 

62 

30,17 

wsw 

1 

Fair. 

12 

7 

0 

55 

60 

3°, 27 

wsw 

I 

Fair. 

2 

0 

64 

62 

30,26 

SSE 

I 

Fair. 

13 

7 

0 

51 

60 

30-31 

E by  S. 

I 

Fine, 

2 

0 

59 

62 

30,28 

. 

ESE 

I 

Fine. 

14 

7 

0 

52 

60 

3°,  18 

NE 

I 

Hazy. 

2 

0 

5& 

59 

30,16 

E 

2 

Cloudy, 

15 

7 

0 

5 2 

59 

30,12 

ENE 

2 

Fair. 

2 

0 

58 

60 

3°5°5 

ENE 

2 

Cloudy. 

16 

7 

0 

50 

59 

29,85 

0,030 

■ E 

2 

Rainy. 

2 

0 

61 

I 60 

29,92 

E 

2 

Fine. 

M E T E- 
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METEOROLOGICAL  JOURNAL 

for  May  1788. 


00 

CO 

f''. 

lime. 

| Therm, 
without 

IThe-rm. 

within. 

Barom. 

Rain. 

Winds. 

F 

II  II  ■ 

H. 

M. 

Deg. 

Deg. 

Inches, 

Inch. 

Points. 

Str. 

May  17 

7 

0 

54 

60 

29,96 

0,031 

E 

2 

Fair. 

2 

0 

08 

61 

29,91 

ESE 

2 

Fair. 

18 

7 

0 

55 

59 

29,87 

E 

I 

Cloudy. 

2 

0 

59 

61 

29,87 

Rainy. 

19 

7 

0 

54 

60 

29,89 

0,260 

NE 

I 

Cloudy. 

2 

G 

61 

60 

29>93 

NNE 

I 

Cloudy, 

20 

7 

0 

55 

60 

3°» 1 3 

NNE 

I 

jFine. 

2 

0 

70 

61 

3°>I5 

N 

1 Eme. 

21 

7 

c 

55 

60 

30,28 

NW 

1 

Fine. 

2 

0 

70 

61 

30,28 

wsw 

1 

Fine. 

22 

7 

0 

56 

61 

30,28 

- 

sw 

1 

Fine. 

2 

0 

68 

63 

30,27 

wsw 

1 

Fine. 

2 3 

7 

0 

57 

63 

3°, 2° 

sw 

I 

Cloudy. 

2 

0 

68 

63 

30^6 

sw 

1 

Cloudy. 

24 

7 

0 

57 

63 

30,08 

sw 

1 

Fine. 

2 

0 

75 

66 

30,02 

ssw 

1 

Fine. 

25 

7 

0 

63 

6S 

30,00 

s 

1 

Fine. 

2 

0 

75 

69 

3°, 02 

ssw 

2 

Fine. 

26 

7 

0 

63 

67 

^0,00 

SE  by  S 

I 

Fine. 

2 

0 

73 

72 

3°, oo 

SSE 

I 

Fine. 

27 

7 

0 

o3 

70 

29,9J 

SE 

I 

Fine. 

2 

0 

80 

73 

29>8S 

SE 

I 

Fine. 

28 

7 

0 

67 

70 

29,71 

E 

I 

Fine. 

2 

0 

73 

-71 

29,66 

SSE 

I 

Hazy. 

29 

7 

0 

63 

70 

29>58 

0,07  r 

sw 

I 

Cloudy. 

2 

0 

61 

08 

29,67 

O 

Cloudy. 

3° 

7 

0 

52 

66 

29,71 

E 

I 

Cloudy. 

2 

0 

55 

65 

29,72 

E 

I 

Cloudy. 

31 

7 

0 

52 

64 

29,88 

NNE 

I 

Cloudy. 

2 

0 

58 

63 

29,94 

NE 

I 

Cloudy. 

Weather, 


R 2 
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METEOROLOGICAL  JOURNAL 


for  June  i ^38. 


w 

OO 

OO 

Time. 

Therm. 

without 

Therm. 

within. 

Barorn. 

Rain. 

Winds 

• 

Weather. 

f 

EM. 

Deg. 

Deg. 

Inches. 

Inch. 

Points, 

Str. 

June  i 

7 

O 

52 

62 

30,02 

E 

I 

Fair. 

2 

O 

64 

63 

29479 

E 

1 

Cloudy. 

2 

7 

O 

54 

62 

29,98 

SSE 

1 

Fine. 

2 

O 

68 

63 

29,98 

SSE 

1 

Fine. 

3 

7 

O 

56 

62 

30,02 

E 

1 

Fair. 

2 

o 

67 

63 

30,02 

E 

1 

Fine. 

4 

7 

o 

o7 

63 

30,00 

WNW 

1 

Fine. 

2 

o 

62 

6 3 

30,04 

WNW 

1 

Cloudy. 

c 

J 

7 

o 

52 

62 

50,22 

0 

Fine. 

2 

o 

68 

% 

30,28 

W 

1 

Fine. 

6 

7 

o 

60 

63 

30,20 

w 

1 

Fine. 

2 

o 

72 

6t> 

30,08 

sw 

1 

Fine. 

7 

7 

o 

60 

65 

20,00 

w 

1 

Fair. 

2 

o 

72 

66 

29,97 

w 

1 

Fair. 

8 

7 

o 

56 

' 61 

30,08 

°»°35 

ESB 

1 

Fine. 

2 

o 

62 

63 

3o,io 

ESE 

1 

Fine, 

9 

7 

o 

52 

62 

3°>r7 

ENE 

2 

Cloudy. 

2 

o 

64 

63 

3°>r9 

NE 

2 

Fine. 

10 

7 

o 

55 

62 

30,2! 

N 

2 

Fine. 

2 

o 

69 

64 

30,l8 

ESE 

2 

Fine. 

1 1 

7 

o 

55 

63 

30,15 

NE 

I 

Fine. 

2 

o 

67 

64 

30,08 

' [< 

NE 

I 

Fine. 

12 

7 

o 

54 

63 

30,06 

NNE 

I 

Fine. 

2 

o 

70 

66 

30,04 

NE 

I 

Fine. 

13 

7 

o 

57 

63 

30,06 

NE 

2 

Fine. 

2 

OI  7° 

66 

30,06 

NNE 

2 

Fine. 

*4 

7 

o!  5,8 

64 

3°’°7 

NNE 

I 

Cloudy. 

2 

o 

67 

65 

30,06 

NNE 

I 

Cloudy* . 

J5 

7 

o 

59 

65 

30  05 

NNE 

I 

Fine. 

2 

o 

73 

66 

■30,03 

N 

I 

F ine. 

16 

7 

o 

59 

59 

30,00 

O 

J 

K> 

O 

N 

I 

Rain. 

2 

o 

! 68 

66 

29,96 

N 

I 

Fine. 

M E T E 
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METEOROLOGICAL  JOURNAL 

for  June  1788. 


CO 

00 

►-< 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

'1 

1 

H 

M. 

Deg. 

Deg. 

Inches. 

Inch  . 

Points 

Str. 

June  17 

7 

c 

60 

65 

29,99 

N 

1 

Fine. 

2 

0 

80 

67 

29.95 

N 

1 

Fine. 

18 

7 

0 

65 

69 

29,87 

£ 

1 

Cloudy. 

2 

0 

70 

70 

29,84 

SSE 

I 

Cloudy. 

*9 

7 

0 

63 

69 

29,81 

0,023 

SSE 

1 

Cloudy. 

2 

0 

66 

68 

29,87 

S 

1 

Rain. 

20 

7 

0 

67 

29,94 

0,060 

SE 

1 

Cloudy. 

2 

0 

60. 

67 

29,94 

SE 

1 

Rain, 

21 

7 

0 

60 

66 

29,98 

0,030 

NNE 

1 

Cloudy. 

2 

0 

60 

67 

29,98 

N 

.1 

Cloudy. 

22 

7 

c 

63 

66 

29,98 

NNW 

1 

Fain 

2 

0 

72 

68 

29,96 

NNW 

1 

Fair. 

23 

7 

0 

62 

66 

29,80 

W 

1 

Fine. 

2 

0 

65 

67 

29,75 

ssw 

1 

Cloudy.J 

24 

7 

0 

66 

29,7° 

ssw 

2 

Fair. 

2 

0 

b3 

66 

29,68 

ssw 

2 

Cloudy. 

25 

7 

0 

58 

66 

29,63 

0,^45 

sw 

I 

Fair. 

2 

0 

65 

67 

29,60 

sw 

I 

Cloudy. 

26 

a*’ 

/ 

0 

.5? 

66 

29,61 

0,050 

wsw 

I 

Cloudy. 

2 

0 

03 

66 

29,57 

SW  by  S 

I 

.Cloudy j.heavy  rain  with  thund. 

27 

7 

0 

58 

65 

29-’53 

2,116 

SW  by  S 

I 

Fair. 

2 

0 

7 1 

6" 

■ / « 

;29,49 

s 

I 

Fair* 

28 

7 

0 

59 

66 

29  34 

0,285 

SSE 

Rain. 

'2 

0 

63 

66 

2 Q j 4 

SE 

1 

Rain. 

29 

# > 

> / 

0 

■ S’ 

/ 

• 6 r 

-5 

'*9>'3 

0,3  0 

SE 

I 

Cloudy. 

1 * 

S. 

*>4 

< 

■ 0 6 

29,79 

SE 

I 

Cloudy. 

3° 

7 

0 

• 39 

r 64 

29,86 

W 

Cloudy.  > 

0 

0 

6.7 

65 

29)93 

w 

I ‘ 

Cloudy. 
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METEOROLOGICAL  JOURNAL 


for  July  1788. 


1788 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points,  j 

Str. 

July  1 

7 

0 

60 

64 

3°»°7 

W 

2 

Cloudy. 

2 

0 

63 

64 

3°>°7 

W 

2 

Cloudy. 

2 

7 

0 

61 

64 

3°>°7 

sw 

2 

Fair. 

2 

O 

69 

65 

3°>°7 

sw 

2 

Fair. 

3 

7 

0 

63 

6S 

3°»°4 

s 

I 

Fair. 

2 

0 

73 

66 

29-93 

ssw 

I 

Fine. 

4 

7 

0 

ss 

65 

29-74 

ssw 

2 

Rain. 

2 

0 

7° 

66 

29>77 

ssw 

2 

Fine. 

5 

7 

0 

57 

6S 

29.77 

0,040 

ssw 

I 

Fine. 

2 

0 

67 

66 

29*73 

ssw 

I 

Fine. 

6 

7 

0 

57 

64 

29,8l 

sw 

I 

Fine. 

2 

0 

65 

65 

29,89 

sw 

I 

Fair. 

*7 

7 

0 

56 

64 

29.8s 

ssw 

2 

Fair. 

2 

0 

63 

65 

29.84 

wsw 

2 

Rain. 

8 

7 

0 

57 

65 

29,90 

0,250 

sw 

I 

Fair. 

2 

0 

62 

65 

29, Bo 

ssw 

1 

Cloudy. 

9 

7 

0 

56 

64 

29,76 

0,210 

ssw 

\ 

Fair. 

2 

0 

62 

6S 

29,76 

s 

1 

Cloudy. 

10 

7 

0 

61 

6 S 

29,81 

ssw 

2 

Cloudy. 

2 

0 

70 

66 

29,82 

ssw 

2 

Cloudy. 

1 1 

7 

0 

62 

65 

29,90 

s 

2 

Cloudy. 

2 

0 

68 

66 

29,92 

s 

1 

Cloudy* 

12 

7 

0 

64 

66 

29*93 

0,250 

s 

I 

Rain. 

2 

0 

75 

67 

29*77 

ssw 

I 

Fair. 

13 

7 

0 

61- 

66 

29*73 

ssw 

2 

Cloudy. 

2 

0 

67 

66 

29.78 

ssw 

2 

Cloudy. 

H 

7 

0 

58 

66 

29>87 

0,132 

ssw 

j 

Fair. 

2 

0 

64 

67 

29,89 

s 

1 

Fair. 

15 

7 

0 

58 

66 

29,82 

0,1 1 1 

ssw 

2 

Rain. 

2 

0 

67 

68 

29,77 

ssw 

/ 2 

Cloudy# 

16 

7 

0 

57 

66 

29,7 5 0,082 

ssw 

2 

Cloudy. 

2 

0 

64 

67 

29,78 

1 

ssw 

2 

Cloudy. 

M E T E 


meteorological  journal 

for  July  1788. 


1788 

Time. 

Therm 

without 

Therm. 

within. 

Barpm. 

Rain. 

Winds. 

Weather. 

H.  M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

Str. 

July  17 

7 

0 

57 

66 

29,83 

SW 

2 

Rain. 

2 

0 

67 

67 

29.85 

W 

1 

Fair. 

18 

7 

c 

57 

66 

3°>I5 

0,480 

W 

1 

Fine. 

2 

0 

71 

67 

30,16 

w 

1 

Fine. 

19 

7 

0 

62 

66 

3°>14 

ssw 

2 

Fine. 

2 

0 

69 

68 

30,08 

ssw 

2 

Cloudy. 

20 

7 

0 

59 

66 

50,0  5 

wsw 

1 

Cloudy. 

2 

0 

68 

67 

3°>I3 

w 

I 

Cloudy. 

21 

7 

0 

60 

66 

30,20 

0,065 

ESE 

1 

Fair. 

2 

0 

67 

66 

3°>22 

NW 

1 

Cloudy. 

22 

7 

0 

60 

66 

30,21 

W 

I 

Fair. 

2 

0 

7i 

67 

30)20 

w 

1 

Fine. 

23 

7 

0 

61 

66 

30.17 

l 

WNW 

I 

Hazy. 

2 

0 

71 

67 

30, 11 

w 

I 

Cloudy. 

24 

7 

0 

60 

66 

30.05 

w 

I 

Fine. 

2 

0 

67 

67 

30,00 

w 

I 

Cloudy,  I 

25 

7 

0 

60 

66 

30, 11 

w 

I 

Fair.  | 

2 

0 

65 

67 

30,10 

w 

I 

Fair. 

26 

7 

0 

55 

65 

30)ii 

w 

1 

Cloudy. 

* 

2 

0 

67 

66 

30jI5 

w 

I 

Cioudy. 

27 

7 

0 

55 

65 

30)i4 

w 

1 

Fine. 

2 

c 

69 

66 

30,12, 

w 

1 

Cloudy. 

28 

7 

c 

60 

65 

30,10 

“ w 

I 

Fair. 

2 

0 

71 

,66 

30,10 

w 

I 

Fine. 

29 

7 

0 

59 

65 

30,11 

■ 

WNW 

I 

Fair. 

* 

2 

0 

72 

66 

3°,  1° 

NW 

I 

Fine. 

3° 

7 

0 

62 

66 

30,16 

SE  by  S 

3 

Cloudy. 

2 

0 

76 

68 

30)17 

SW 

1 

Fine. 

31 

7 

0 

60 

66 

30,22 

SW 

I 

Fine. 

s 

A 

2 

0 

77 

69 

30,20 

SW 

I 

?ine. 

M E- 1 £- 
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METEOROLOGICAL  JOURNAL 


for  Auguft  1 788, 


1788 

Time. 

Therm. 

without 

Therm. 

within. 

3arom. 

Rain. 

i 

Winds. 

Weather. 

H. 

M. 

Deg. 

Deg. 

'nches. 

Inch. 

Points. 

Str. 

Aug.  1 

7 

0 

6S 

68 

3°j23 

SW 

1 

Cloudy. 

2 

0 

72 

69 

30,29 

W 

1 

Cloudy. 

2 

7 

0 

64 

68 

30,4s 

N 

1 

Fine. 

2 

0 

73 

7° 

30,44 

NE 

1 

Fine. 

3 

7 

0 

65 

68 

3°>43 

E 

1 

Fine. 

2 

0 

76 

-70 

3°  A3 

E 

1 

Fine.  . 

4 

7 

0 

60 

66 

3°?43 

ESE 

1 

Hazv. 

J 

2 

0 

77 

71 

3°,  3 7 

Fine. 

5 

7 

0 

61. 

67 

3°,  3° 

NE  ' 

1 

Hazy. 

2 

0 

69 

69 

3°, 25 

N 

1 

Fair. 

6 

7 

0 

57 

67 

30, 2 1 

NNE 

1 

Fair. 

2 

0 

64 

67 

3°’ 18 

.N 

2 

Cloudy. 

7 

7 

0 

SB 

66 

3°,  1 2 

NNE 

I 

Cloudy. 

2 

0 

62 

66 

3°> 12 

> 

NNE 

I 

Cloudy. 

8 

7 

0 

S8 

66 

3°  A 9 

NNE 

I 

Cloudy. 

2 

0 

62 

^66 

30,19 

NNE 

I 

Cloudy. 

9 

7 

0 

58 

' 66 

30,1 9 

NE 

I 

Cloudy. 

2 

0 

66 

< 66 

30,18 

ENE 

I 

Cloudy. 

10 

7 

0 

58 

65 

NE  , 

I 

Cloudy. 

2 

0 

66 

66 

3°? 1 1 

• NE 

I 

Cloudy. 

1 1 

7 

0 

SB 

65 

30,08 

ENE  . 

I 

Cloudy. 

2 

0 

68 

. 65 

3°, °4 

< 

ENE 

I 

Cloudy. 

12 

7 

0 

57 

65 

29>9S 

1 ■ . . ; 

O 

Fair. 

2 

0 

71 

66 

29,83 

ssw 

I 

Cloudy. 

l3 

7 

0 

60 

66 

29,58 

°,32s 

w 

I 

Cloudy. 

2 

0 

JO 

■67 

-29,51 

SW 

I 

Cloudy. 

14 

7 

0 

58 

66 

29,22 

0,293 

SW 

I 

Rain.  \ t 

2 

c 

66 

66 

29,37 

SW 

2 

Rain. 

*5 

7 

0 

57 

65 

29,60 

0,230 

WSW 

2 

Fine. 

•* 

2 

0 

67 

66 

29,6'0 

wsw 

2 

Fair. 

1 6 

7 

0 

57 

65 

29*74 

0,115 

WSW 

2 

Fine. 

1 

2 

0 

57 

1 65 

29,74 

SW 

I 

P^ain. 

M E T E* 
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METEOROLOGICAL  JOURNAL 


for  Auguft  1788. 


I7S8 

Time 

Therm 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.  M. 

Deg. 

Deg. 

inches. 

Inch, 

Points. 

Str. 

Aug.  1 7 

7 

c 

58 

65 

29,72 

0,673 

S by  W 

1 

Rain. 

2 

0 

61 

65 

29,64 

S by  W 

1 

Fair. 

18 

7 

0 

57 

65 

29,80 

0,440 

wsw 

1 

Fine. 

2 

0 

63 

65 

29,84 

wsw 

1 

Rain. 

*9 

7 

0 

59 

65 

29,68 

0,130 

ssw 

2 

Cloudy. 

2 

0 

65 

66 

29,66 

ssw 

2 

Cloudy. 

20 

7 

0 

57 

65 

29,79 

0,080 

wsw 

I 

Fair. 

2 

0 

71 

66 

29,85 

wsw 

I 

Fair. 

21 

7 

0 

57 

66 

29,99 

0,023 

ssw 

I 

Fair. 

2 

0 

7° 

66 

29398 

ssw 

I 

Fair. 

22 

7 

0 

59 

66 

29,76 

0,080 

SSE 

I 

Rain. 

2 

0 

64 

66 

29,67 

s 

I 

Rain. 

23 

7 

0 

59 

66 

29,67 

0,045 

sw 

I 

Cloudy.’ 

2 

0 

70 

66 

29,72 

sw 

I 

Fine. 

24 

7 

0 

56 

66 

29’95 

wsw 

I 

Fine. 

2 

0 

67 

66 

29,97 

sw 

I 

Cloudy. 

25 

7 

0 

53 

65 

29,97 

0,012 

sw 

I 

Fine. 

2 

0 

69 

66 

29,94 

sw 

I 

Fine. 

26 

7 

0 

57 

65 

29,82 

SE 

I 

Cloudy. 

2 

0 

68 

67 

29,82 

N 

I 

Fine. 

27 

7 

0 

57 

65 

29’93 

w 

I 

Cloudy. 

2 

0 

63 

65 

29,96 

w 

1 

Cloudy. 

28 

7 

0 

55 

64 

3°’°3 

w 

2 

Cloudy. 

2 

0 

70 

66 

3°>°3 

w 

I 

Fine, 

29 

7 

0 

58 

65 

29’97 

sw 

I 

Cloudy. 

2 

0 

58 

65 

29,82 

ssw 

I 

Rain. 

3° 

7 

0 

55 

64 

29,82 

0,230 

w 

2 

Fine. 

2 

0 

67 

65 

29,84 

w 

I 

Cloudy, 

31 

7 

0 

57 

64 

29,80 

0,023 : 

3W  by  S 

I 

Cloudy. 

2 

0 

s 62 

64 

29,74 

SSW 

I 

Cloudy. 

Vol.  LXXIX. 
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METEOROLOGICAL  JOURNAL 


for  September  1788, 


1788 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

* 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points,  j 

Str. 

Sept.  1 

7 

0 

59 

64 

29,87 

0,220 

NW 

1 

Fine, 

2 

0 

b8 

65 

29, 91 

W 

i 

Cloudy. 

2 

7 

0 

53 

64 

29,98 

wsw 

1 

Cloudy. 

2 

0 

67 

6S  . 

29,98 

wsw 

1 

Cloudy. 

3 

7 

0 

59 

64 

3°jQ0, 

sw 

1 

1 

Cloudy. 

2 

0 

67 

65 

20  00 

ssw 

1 

Fair. 

4 

7 

0 

59 

65 

29’75 

SE 

i 

Fine. 

2 

0 

74 

67 

29,7 1 

SE. 

2 

Fine. 

5 

7 

0 

60 

66 

29,78 

SSE 

I 

Fair. 

2 

0 

' 70 

67 

29,80 

. \ 

SE 

I 

Cloudy. 

6 

7 

0 

55 

66 

29,90 

0,905 

sw 

I 

Fair. 

2 

0 

63 

66 

29,94 

ssw 

I 

Cloudy. 

7 

7 

0 

55 

66 

SOj'S 

SSE 

I 

Fine. 

2 

0 

72 

67 

3°,  1 7 

SSE 

I 

Fine. 

8 

7 

0 

55 

66 

3°JI4 

SSW 

I 

Fine. 

2 

0 

67 

67 

30,1° 

SW 

I 

Cloudy. 

9 

7 

0 

57 

^5 

30,08 

WSW 

I 

Cloudy. 

2 

0 

■<  69 

66 

30,08 

w 

I 

Cloudy. 

10 

7 

0 

53 

65 

3°,°7 

w 

I 

Foggy. 

2 

0 

67 

67 

3°>°7 

w 

I 

Fine. 

1 1 

7 

0 

58 

66 

30,08 

SW 

I 

Cloudy. 

2 

0 

63 

66 

30. 16 

SSE , 

I 

Fair. 

12 

7 

0 

5i 

65 

3°>2S 

0,070 

E3E 

I 

Foggy. 

2 

0 

67 

66 

3°> 18 

ESE 

I 

Fine. 

J3 

7 

0 

56 

65 

29,98 

ESE 

I 

Fine. 

2 

0 

67 

66 

29,88 

w x 

I 

Cloudy. 

24 

7 

0 

54 

65 

29,94 

W 

I 

Fine. 

2 

0 

62 

66 

3°, 01 

NNE 

I 

Fine, 

15 

7 

0 

50 

64 

30, 1 2 

. NNE 

I 

Fine. 

2 

0 

61 

64 

3°>°S 

E 

I 

Cloudy. 

26 

7 

0 

55 

63 

29,82 

E 

1 

Cloudy, 

2 

0 

67 

I 64 

29^79 

SSE 

1 

Fair. 

, [ ip  1 
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METEOROLOGICAL  JOURNAL 

for  September  1788, 


1788 

Time. 

Therm. 

without 

Thermo 

within. 

Barorn, 

Rain. 

Winds. 

. 

Weather. 

1 ; 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch, 

Points. 

3tr. 

Sept.  1 7 

7 

0 

50 

63 

29,88 

0,067 

W 

1 

Fine, 

2 

0 

62 

65 

29,87 

1 

1 

Fine, 

18 

7 

0 

56 

64 

2949 

0,105 

ESE 

2 

Rain, 

2 

0 

62 

64 

29.50 

E 

2 

Cloudy, 

l9 

7 

0 

56 

63 

29.55 

°>5Z3 

E 

1 

Rain. 

2 

0 

60 

64 

29,60 

ESE 

1 

Cloudy, 

20 

7 

0 

54 

63 

29.57 

0,280 

ESE 

1 

Cloudy. 

2 

0 

60 

64 

29)47 

0 

Cloudy, 

21 

7 

0 

53 

63 

29,37 

°>3°° 

0 

Cloudy. 

2 

0 

58 

63 

29,44 

W 

1 

Cloudy. 

22 

7 

0 

45 

60 

2945 

0,128 

W 

1 

Fine. 

2 

0 

53 

60 

29,50 

sw 

2 

Cloudy, 

23 

7 

0 

52 

61 

29>75 

0,145 

Why  S 

1 

Cloudy. 

2 

0 

60 

62 

29,74 

SW 

1 

Cloudy* 

24 

7 

0 

52 

61 

29,67 

0,302 

W 

1 

Rain. 

2 

0 

58 

61 

29,68 

SW 

1 

Cloudy, 

25 

7 

0 

45 

59 

29,8l 

0,062 

w 

1 

Fine. 

2 

0 

59 

60 

29,88 

wsw 

1 

Fair. 

26 

7 

0 

57 

60 

29,83 

ssw 

/ 

2 

Cloudy* 

2 

c 

65 

61 

29,84 

ssw 

2 

Fair. 

27 

7 

0 

52 

60 

29-95 

0,058 

ssw 

2 

Fine. 

2 

0 

61 

62 

30,00 

ssw 

2 

Fine. 

28 

7 

0 

48 

60 

30.03 

sw 

I 

Fine. 

2 

0 

60 

* 62 

29,90 

ssw 

2 

Cloudy, 

29 

7 

0 

52 

61 

29.56 

0,190 

w 

2 

Fine. 

2 

0 

57 

62 

29,61 

w 

2 

Fine. 

3° 

7 

0 

5° 

60 

29,86 

w 

2 

Fine. 

2 

0 

56 

60 

29,92 

W - 

2 

Cloudy. 

S ■'«  M e T E- 
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METEOROLOGICAL  JOURNAL 

for  O&ober  1788. 


1788 

Time. 

Therm 

without 

Therm 

within. 

Barom. 

Rain 

Winds. 

Wreather. 

H.  M. 

Deg, 

i 

Deg. 

Inches, 

Inch. 

Points. 

Str. 

jo  6l'3  i 

7 

0 

: 53 

59 

29,92 

W 

2 

Cloudy,. 

f * 

2 

0 

: 58 

60 

29,90 

w 

1 

Rain. 

2 

7 

0 

1 59 

60 

29,94 

°>°35 

w 

2 

Cloudy. 

1 

2 

0 

67 

62 

29,9^ 

w 

2 

Cloudy.. 

3 

7 

57 

6 1 

29,98 

w 

2 

Cloudy. 

2 

0 03 

62 

30,02 

V/ 

2 

Cloudy. 

4- 

7 

0 

S6 

61 

30,08 

w 

I 

Fine. 

■ 

2 

0 

62 

62 

30,09 

w 

I 

Cloudy. 

5 

7 

0 

S6 

6i 

30,00 

ssw 

I 

Cloudy. 

2 

0 

5% 

62 

29>95 

sw 

2 

Cloudy. 

6 

7 

0 

55 

61 

29,70 

sw 

2 

Cloudy. 

2 

0 

53 

6t 

29,65 

sw 

2 

Rain. 

fn 

i 

7 

0 

46 

59 

3°’I4 

0,068 

ssw 

I 

Rain. 

2 

0 

52 

60 

30,28 

SSE 

2 

Fine. 

8 

7 

0 

4.3 

58 

“ 3o>55 

SE  by  S 

2 

Fine. 

2 

0 

55 

58- 

3°>55 

NE 

2 

Cloudy,. 

9 

7 

0 

50 

57 

3°>5° 

ENE 

2 

Fine. 

2 

0 

57 

58 

3°»47 

E 

2 

Fine. 

10 

7 

0 

47 

57 

3°>44 

E 

2 

Fine. 

2 

0 

59 

59 

3°?44 

E 

2 

Fine. 

ii 

7 

0 

50 

57 

3°,38 

SE 

2 

Cloudy. 

2 

0 

59 

61. 

30,35 

E 

2 

Cloudy. 

12 

7 

0 

51 

59 

3o,32 

NE 

2 

Cloudy. 

1 

2 

0 

59 

61 

3°^32 

NE 

I 

Fine. 

J3 

7 

0 

51 

60 

30.23 

NE 

I 

Cloudy. 

2 

0 

58 

62 

30,26 

NE 

I 

Fine. 

J4 

7 

Q 

51 

61 

3°.  25 

NE 

I 

Cloudy.,, 

2 

O 

56 

62 

30,22 

NE 

I 

Cloudy, 

*5 

7 

O 

42 

60 

3°.°5 

NE 

I 

Fine. 

2 

O 

5-6 

62 

29,90 

E 

I 

Fine. 

' 16 

7 

O 

42 

60 

29,66 

NW 

I 

Foggy. 

2 

O 

52 

60 

29.64 

W 

I 

Fair. 
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METEOROLOGICAL  JOURNAL 


for  October  1788. 


1 7 88 

Time. 

Therm. 

without 

; Therm, 
within. 

Barom. 

Rain. 

| Winds. 

I Weather, 

\ 

H. 

M. 

Deg. 

Deg. 

| 

Ilnches. 

1 

Inch. 

| Points. 

JStr. 

Odt.  17 

7 

0 

5° 

59 

29,74 

V/ 

1 

F°ggy. 

2 

0 

56 

61 

29,83 

w 

1 1 

Cloudy. 

18 

7 

0 

38 

57 

3°, 15 

N 

1 

line. 

2 

0 

5° 

60 

3°, 22 

NNE 

1 

jFine. 

7 

0 

33 

57 

30>36 

NNE 

1 

F°ggy» 

2 

0 

43 

57 

3o>36 

NNE 

1 

[Hazy. 

20 

7 

0 

36 

54 

3°>32 

0 

Foggy- 

2 

0 

50 

59 

30,28 

sw 

1 

Fine. 

21 

7 

0 

50 

56 

3°’ 12 

sw 

1 

Cloudy. 

2 

0 

60 

60 

30,06 

wsw 

1 

Cloudy. 

22 

7 

0 

49 

57 

3°>25 

wsw 

1 

Cloudy. 

2 

0 

53 

60 

3°>3° 

wsw 

1 

Cloudy, 

23 

7 

0 

53 

58 

3°>27 

wsw 

1 

Cloudy. 

2 

0 

60 

62 

30,20 

. 

w 

1 

Fair. 

24 

7 

0 

49 

58 

3°’ 12 

w 

1 

Cloudy, 

2 

0 

56 

60 

3°, 10 

W by  N 

1 

Fine. 

25 

7 

0 

44 

ss 

3°>ir 

WNW ' 

1 

Fair; 

2 

0 

53 

60 

30>J5 

NNW 

1 

} 

Cloudy. 

26 

7 

0 

41 

58 

30,19 

WNW 

1 Fair, 

2 

0 

54 

60 

30,1$ 

WNW 

1 f 

Fair. 

27 

7 

0 

47 

58 

30,08 

WNW 

Foggy. 

2 

0 

53 

60 

30,06 

WNW 

1 

Cloudy. 

28 

7 

0 

42 

58 

30,02 

WNW 

1 

Cloudy. 

2 

0 

S2 

60 

30,0° 

WNW 

1 

Cloudy. 

29 

7 

0 

41 

58 

3°,o5 

O 

Foggy. 

2 

0 

48 

60 

30,06 

O 

Foggy. 

3° 

0 

42 

58 

N 

I 

Hazy. 

2 

0 

5i 

59 

30,22 

NE 

1 

Cloudy. 

31 

7 

0 

45 

57 

30,43 

N 

1 

Cloudy.  [ 

2 

0 

52 

59 

3°>47  I 

E 

z 

Cloudy.  | 
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METEOROLOGICAL  J 

0 U R N A L 

for  November  1788. 

Time. 

Therm. 

Therm 

Barom. 

Rain. 

Winds. 

1788 

without 

within. 

, 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

'nch. 

Points. 

Str. 

« . 

Nov.  J 

7 

O 

41 

57 

3°>S° 

E 

1 

Foggy. 

2 

0 

51 

60 

3°;  4 3 

E 

1 

F ine. 

2 

7 

0 

43 

57 

30,18 

E 

1 

Foggy, 

2 

0 

55 

61 

30,08 

S 

1 

Fine. 

3 

7 

0 

55 

59 

29,92 

ssw 

2 

Cloudy. 

2 

0 

58 

61 

29  77 

ssw 

2 

Cloudy. 

4 

7 

0 

48 

60 

29,61 

0,190 

sw 

2 

Fine. 

2 

0 

55 

61 

29,81 

wsw 

2 

Fair, 

5 

7 

0 

38 

58 

30"1 3 

w 

I 

Fair, 

: 

2 

0 

47 

61 

30,18 

w 

I 

Fine. 

6 

7 

0 

37 

57 

3°>29 

0 

Foggy. 

2 

0 

48 

59 

30,20 

SSE 

1 

Fine. 

7 

7 

0 

43 

57 

3°’°5 

SE 

2 

Fair. 

2 

0 

49 

59 

29>94 

SSE 

2 

Clo.  dy. 

. 8 

7 

0 

49 

SB 

29>94 

w 

I 

Cloudy, 

2 

0 

5° 

59 

29>97 

NW 

I 

Cloudy. 

9 

7 

0 

41 

58 

29,9I 

E 

I 

Foggy. 

2 

0 

53 

59 

29’77 

SSE 

I 

Fair. 

. 10 

7 

0 

44 

57 

2943 

E 

1 

Fair. 

2 

0 

53 

t»o 

29,84 

E 

I 

Fair. 

1 1 

7 

0 

43 

59 

3°>°5 

WSW 

1 

Fair. 

2 

0 

53 

59 

3°- 12 

WSW 

I 

Fair. 

12 

7 

0 

47 

59 

30,20 

WSW  ' 

I 

Fair. 

2 

0 

55 

60 

30,18 

wsw 

I 

Cioudy. 

13 

7 

0 

51 

59 

29,85 

sw 

I * 

Cloudy, 

2 

0 

54 

60 

29,74 

ssw 

I 

Cloudy, 

14 

7 

0 

36 

58 

30,08 

0,200 

w 

i 1 

Fine. 

■ 

2 

0 

42 

59 

30,10 

WNW 

1 

Fine. 

*5 

7 

0 

35 

56 

30,01 

0,1.0 

WNW 

1 

Cloudy. 

2 

0 

40 

58 

NW 

I 

Fine. 

16 

7 

c 

32 

54 

3°>43 

NNW 

1 

Fine.  j 

2 

c 

38 

57 

3°>42 

N 

l 

Fine.  | 
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■ 

00 

CO 

M 

Time.  ' 

rhcim.j 

vithout 

Therm 

within. 

3arom. 

Rain. 

Winds. 

Weathe-r®. 

T—  ! 

FT  M. 

Deg. 

Deg. 

inc  cs.  Inch  . 

j 

Points  j 

Str. 

Nov.  17 

7 

0 

42 

54 

3°’ 1 7 

WNW 

1 

Fair. 

- 

2 

0 

48 

57 

3°’i7 

WNW 

i 

Fine, 

18 

7 

0 

38 

54 

3°,  17 

WNW 

Fine. 

2 

0 

45 

57 

30-22 

WNW 

I 

Fine, 

*9 

7 

0 

42 

55 

30,21 

Foggy. 

2 

0 

48 

57 

3°>‘3 

WNW- 

1 

Cloudy. 

20 

7 

0 

42 

54 

30,20 

/ 

Foggy. 

2 

0 

45 

57 

30,20 

. t 

FoggD 

21 

7 

0 

45 

54 

30  26 

Foggy. 

2 

0 

49 

57 

3°>25 

W 

1 

Cloudy®  F 

22 

7 

c 

47 

5^> 

3°>25 

sw 

' 1 - 

Cloudy® 

2 

0 

49 

58 

30,25 

ssw 

1 

Cloudy® 

23 

7 

0 

39 

55 

30,20 

\ 

ESR 

1 

Fine® 

2 

0 

47 

58 

39* 1 5 

■1 

ESE 

1 

Fine® 

24 

7 

0 

36 

55 

30,11 

E* 

1 

Fine, 

2 

0 

43 

58 

3oD5 

E 

1 

Fine, 

25 

7 

0 

38 

54 

30,22 

E 

1 

Cloudy.  i 

2 

0 

38 

58 

30,28 

ENE 

1 

Fine® 

26 

7 

0 

29 

52 

3°’34 

ENE 

1 

Fine. 

2 

0 

35 

54 

3°’29 

ENE 

1 

Cloudy. 

2-7 

7 

0 

28 

50 

30,11 

ENE 

1 

Cloudy® 

2 

0 

27 

52 

3°’°, 

ENE 

1 

Cloudy. 

28 

7 

0 

27 

49 

29,96 

Cloudy® 

2 

0 

31 

5° 

29*96 

Cloudy. 

2$ 

7 

0 

3° 

•47 

30,01 

~ 

ESE 

1 

Cloudy® 

2 

c 

. 34 

49 

30  04 

ESE 

1 

Cloudy® 

3C 

> 7 

c 

35 

48 

30  18 

N by  W 

Cloudy. 

2 

c 

35 

49 

3°, 20 

NE 

1 

(Cloudy. 

M E T S- 
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00 

00 

CM 

Time. 

Therm. 

without 

ITherm. 

within. 

Earom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

Deg. 

Deg. 

Inches. 

Inch. 

Points. 

Str. 

Dec.  1 

8 

0 

34 

48 

30,22 

N£ 

1 

Cloudy. 

2 

c 

36 

49 

30.20 

ENE 

1 

Fine. 

2 

8 

0 

31 

47 

29>93 

ENE 

1 

Fine. 

2 

0 

35 

49 

29,85 

ENE 

1 

Fine. 

3 

8 

0 

24 

46 

29,68 

W 

I 

Cloudy. 

2 

0 

31 

48 

29,61 

W 

1 

Fair. 

1 4 

8 

0 

24 

44 

29-59 

N 

1 

Fine. 

2 

0 

32 

49 

29,58 

N 

1 

Fine. 

5 

8 

0 

34 

45 

29,68 

NE 

1 

Cloudy. 

2 

0 

35 

49 

29-75 

ENE 

1 

Cloudy. 

6 

8 

0 

33 

45 

29,84 

NE 

2 

Cloudy. 

2 

0 

34 

48 

29,83 

NE 

2 

Cloudy. 

? 

8 

0 

34 

45 

29,89 

ENE 

2 

Cloudy. 

2 

0 

35 

46 

29-93 

ENE 

2 

Cloudy. 

8 

8 

0 

33 

44 

30,00 

ENE 

I 

Cloudy. 

2 

0 

38 

48 

30,00 

E 

I 

Fine. 

9 

8 

0 

33 

45 

29,98 

N 

I 

Fair. 

2 

0 

39 

49 

29,95 

N 

I 

Fine. 

10 

8 

0 

34 

47 

29,86 

N 

I 

Cloudy. 

i 

2 

0 

AO 

ft 

5i 

29,88 

ENE 

I 

Fine. 

' II 

8 

0 

32 

47 

30,04 

Foggy. 

{ 

i 

2 

0 

35 

50 

3°,o7 

WNW 

I 

Cloudy. 

l 12 

8 

0 

29 

46 

30-1° 

WNW 

I 

Cloudy. 

■ 

2 

0 

32 

49 

30,07 

WNW 

I 

Fair. 

13 

8 

0 

27 

45 

29,96 

Foggy. 

. 1 

2 

c 

29 

47 

29-85 

NE 

I 

Cloudy. 

! 14 

8 

0 

26,5 

44 

29,55 

NE 

I 

Fair. 

2 

0 

3° 

46 

29,50 

NE 

I 

Cloudy. 

! 15 

8 

0 

22 

42 

29,61 

NE 

2 

Cloudy. 

2 

0 

24 

45 

29-63 

NE 

2 

Cloudy. 

| 16 

8 

0 

22 

40 

29-65 

ENE 

2 

Fair. 

1 

2 

0 

27 

44 

2q,68 

ENE 

2 

Fine. 
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1788 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.  M. 

Deg. 

Deg. 

Inches. 

[ n ch . 

Points. 

Str. 

Dec.  17 

8 0 

26 

41 

30,00 

ENE 

2 

Cloudy. 

2 0 

28 

44 

30,08 

ENTE 

I 

Snow. 

18 

8 0 

18 

40 

30,14 

WNW 

I 

Cloudy. 

2 0 

28 

44 

3°, 00 

WNW 

I 

Cloudy, 

19 

8 0 

26 

41 

29,90 

NNW 

£ 

Fine 

2 0 

32 

44 

29,94 

NNW 

I 

Cloudy. 

20 

8 0 

3° 

42 

29,98 

WNW 

1 

Cloudy. 

2 0 

33 

45 

29)95 

WNW 

1 

Fine. 

21 

8 0 

J 36 

, 42. 

29,66 

NW 

2 

Cloudy. 

2 0 

36 

44  • 

29,68 

NW 

2 

Cloudy. 

> 

22 

8 0 

29»S 

42 

29,9? 

WNW 

2 

Fine. 

2 0 

35 

46 

3°>°3 

WNW 

2 

Fine. 

23 

8 0 

23 

42 

30,2  2 

WNW 

-I 

Fogg>v  - • 

2 O 

25 

45 

30,30 

WNW 

1 

Foggy, 

24 

8 0 

39 

43 

29,96 

W 

2 

Cloudy. 

z 0 

43 

47 

29,06 

V/ 

I 

Cloudv.- 

j ■ 

25 

8 0 

41 

45 

29,94 

w 

I 

Fair. 

2 0 

46 

48 

29,80 

W 

2 

Fine. 

26 

8 0 

31 

45 

29,67 

NNE 

2 

Clcmdyv  - 

2 0 

34 

48 

29,90 

NNE 

2 

Fine. 

27 

8 0 

3° 

45 

29  97 

NNW 

2 

Cloudy. 

2 0 

32 

47 

29,90 

NNW 

2 

Cloudy. 

28 

8 0 

23 

43 

30^5 

NNE 

I 

Fine. 

2 0 

26 

45 

30,22 

NNE 

I 

Fine. 

- 29 

8 0 

*9 

41 

3°, 3° 

NE  . 

i 

Fine.. 

2 0 

26 

^ 45 

30,26 

NK 

. I 

r 

Fine. 

3° 

8 0 

18 

4° 

3°>33 

E 

I 

Fine. 

2 0 

21 

44 

3°>3I 

SE 

I 

Fine. 

31 

8 0 

26 

39 

30  03 

ssw 

2 

Cloudy. 

** 

2 a 

4 3? 

42 

29,80. 

ssw. 

2 

Snow. 
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. 

Thermometer  1 

Thermometer 

Barometer. 

without 

• 

within. 

1788 

Greateit 

height. 

; 1 

Lealt 

height. 

Mean 

height. 

Greateft 

height. 

*-•  I 

<u 

Mean 

height. 

Greatell 

height. 

.'S® 

<D  d 

hJ  -c 

Mean 

height. 

Rain. 

Deg. 

Deg. 

Deg.| 

Deg. 

Oeg. 

Deg. 

Inches. 

Inches. 

Inches. 

Inches. 

4 

January 

48 

26 

39,7 

56 

49 

52,7 

3°.  70 

28,89 

29>97 

0,439 

February 

s° 

29 

4i,3 

56 

50 

52,7 

30,21 

28,65 

29,68 

1,461 

March 

59 

28 

4°,8 

59 

46 

S°>9 

30,08 

29,32 

29*68 

0,336 

April 

68 

40 

52,6 

! 63 

55 

51,8 

30,48 

29,50 

30,07 

0,607:  ; 

May 

80 

49 

60,0 

73 

59 

62,8 

3°, 34 

29,58 

30,04 

0,497 

June 

80 

5^ 

62,3 

70 

61 

64,1 

30,22 

29,49 

29,94 

3,275 

July 

77 

55 

63,7 

69 

64 

6S>9 

3°, 22 

29,73 

29,99 

1,620 

Augull 

77 

53 

63,4 

71 

64 

66ao 

3C>45 

29,22 

29,95 

2,699 

September 

74 

45 

58,6 

67 

59 

63)7 

3°, 25 

29,37 

29,86 

3>345 

O&obei: 

67 

33 

5J>4 

62 

54 

59)4 

3°,  5 5 

29,64 

30,32 

0,103 

November 

58 

27 

42,9 

61 

47 

56,4 

3°,  5° 

29,61 

30,11 

0,510 

. December 

46 

18 

3°, 9 

51 

39 

45)2 

30,33 

29,5° 

29,92 

0,000 

Whole 

year 

50,6 

57,6 

' 

29,96 

14,892  [ 
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XL  Experiments  m the  Phlogiflication  of  Spirit  of  Nitre . 

Fy  the  Rev • Jofeph  Prieftley,  LL.D.  F.  i?.  & 

Read  March  26,  1789. 

HL  ***$>  *•'  :*  •;  ‘ j « .') 

AS  the  colouring  of  fpirit  of  nitre  has  fome  connexion 
with  the  do&rine  of  phlogifton,  to  which  I propofe  to 
give  my  beft  attention,  I have  lately  refumed  my  experiments 
on  that  fubje£t,  and  beg  leave  to  lay  the  refult  of  them  before 
the  Society. 

In  my  former  experiments,  vol.  IV.  p.  2.  I found  that  the 
colourlefs  acid  became  fmoking,  or  orange-coloured,  and  emit- 
ted orange-coloured  vapours,  on  being  expofed  to  heat  in  long 
glafs  tubes,  hermetically  fealed ; and  I then  concluded,  that 
Vol.  LXXIX.  X this 


140  Dr.  Priestley’s  Experiments  on  the 

this  effect  was  produced  by  the  action  of  heat , evolving,  as  it 
were,  the  phlogifton  previoufly  contained  in  the  acid.  After- 
wards, having  found  that  it  was  not  heat,  but  light  only,  that 
was  capable  of  giving  colour  to  fpirit  of  nitre,  contained  in 
phials  with  ground  (toppers,  in  the  courfe  of  feveral  days ; 
and  that  in  this  cafe  the  effect  was  produced  by  the  aft  ion  of 
light  upon  the  vapour , which  gradually  imparted  its  colour  to 
the  liquor  on  which  it  was  incumbent  (fee  Vol.  V.  p.  342.),  I 
was  led  to  fufpeft,  that  as  the  glafs  tubes,  in  which  I had  for- 
merly expofed  this  acid  to  the  aftion  of  heat,  were  only  held 
near  to  a fire,  in  the  day-light,  or  candle-light,  it  might  have 
been  this  light , which,  in  thefe  circumftances,  had,  at  lead  in 
part,  contributed  to  produce  the  effeft. 

In  order  to  afcertain  whether  the  light  had  had  any  influ- 
ence in  this  cafe,  I now  put  the  colourlefs  fpirit  of  nitre  into 
long  glafs  tubes,  like  thole  which  I had  ufed  before,  and  alfo 
fealed  them  hermetically,  as  I had  done  the  others ; but,  in- 
dead  of  expofing  them  to  heat  in  the  open  air,  from  which 
light  could  not  be  excluded,  I now  (hut  them  up  in  gun  bar- 
rels, clofed  with  metal  fcrews,  fo  that  it  was  impoffible  for 
any  particle  of  light  to  have  accefs  to  them  ; and  I then  placed 
one  end  of  the  barrels  fo  near  to  a fire  as  was  fufficient  to  make 
the  liquor  contained  in  the  tube  to  boil,  which  I could  eafilv 
diftinguilh  by  the  found  which  it  yielded.  The  confequence 
was,  that  in  a fhort  time  the  acid  became  as  highly  coloured 
as  ever  it  had  been  when  expofed  to  heat  without  the  gun 
barreh  It  was  evident,  therefore,  that  it  had  been  mere  beat* 
and  not  light,  which  had  been  the  means  of  giving  this  colour 
to  the  acid,  and  which  has  been  ufually  termed  phlogijlicating 
it. 


When 
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When  I made  the  former  experiments,  I had  no  fufpicion 
that  the  air  contained  in  the  tube  had  any  concern  in  the  refult 
of  them  ; and,  in  thofe  which  I made  in  the  phials  in  a mode- 
rate heat,  1 found  that  the  acid  received  its  colour  when  the 
beft  vacuum  that  I could  make  with  an  air  pump  was  over  it. 

My  friend  Mr.  Kirwan,  however,  having  always  fuf- 
peeled,  that  the  air  was  a principal  agent  in  the  bufinefs,  I at 
this  time  gave  particular  attention  to  this  eircumftance  ; fuppo» 
ling  that,  if  any  part  of  the  common  air  had  been  imbibed,  it 
muft  have  been  the  phlogifticated , and  that  it  was  the  phlo* 
gifton  from  this  kind  of  air  which  had  phlogifticated  the  acid. 
The  real  refult,  however,  was  not  fo  much  in  favour  of  this 
fuppofition  as  I had  expected ; for  the  principal  effedt  of  the 
procefs  was  the  emiffion  of  dephlogifticated  air,  fo  that  the 
acid  feems  to  become  what  we  call  phlogifticated,  by  parting 
with  this  ingredient  in  its  compofition. 

I put  a fmall  quantity  of  the  colourlefs  acid  into  a long  glafs 
tube,  which  befides  the  acid  would  have  contained  1.23  ounce 
meafures  of  common  air,  but  that  the  vapour  of  the  acid  ex- 
cluded about  one-twentieth  of  the  quantity.  Having  fealed 
the  tube  hermetically,  I (hut  it  up  in  a gun  barrel,  in  the  man- 
ner mentioned  above,  and  expofed  it  to  a boiling  heat  for  feve- 
ral  hours,  and  then  opening  it  under  wTater  there  came  out 
of  it  2.03  ounce  meafures  of  air,  very  turbid  and  white ; and 
when  it  was  examined,  it  appeared  to  be  of  the  ftandard  of 
1.02,  with  two  equal  meafures  of  nitrous  air;  when  with  one 
meafure  of  the  fame  nitrous  air  the  ftandard  of  the  common 
air  was  1.07.  The  quantity  of  phlogifticated  air  abforbed  in 
this  experiment  I afeertained  by  the  following  computation. 

As  one  meafure  of  common  air,  and  an  equal  quantity  ot 
nitrous  air  were  reduced  to  1.07  m.  it  is  evident,  that  0.93  ni. 

X a had 
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had  difappeared ; but  as  this  was  effefted  by  the  nitrous  air  uniting 
with  all  the  dephlogifticated  air  contained  in  the  common  mafs, 
and  as  they  unite  in  the  proportion  of  one  meafure  of  dephlo* 
gifticated  air  to  two  meafures  of  nitrous  air,  one-third  of  the 
0.93  m.  viz.  0.31  m.  will  be  the  quantity  of  dephlogifticated 
air  that  was  contained  in  the  one  meafure  of  common  air  oil 
which  the  experiment  was  made,  the  remainder,  viz.  0.69, 
having  been  phlogifticated  air.  The  common  air  contained  in 
the  tube  would  have  been  1.23  oz.  in. ; but  deducing  from  is 
one-twentieth  in  the  whole,  it  will  only  be  1.17  oz.  m.  I 
then  fay,  if  one  meafure  of  this  air  contains  0.69  m.  of  phlo- 
gifticated air,  1.17  oz.  m.  will  contain  0.8073  oz.  m.  of  phlo- 
gifticated air.  This,  therefore,  was  the  quantity  of  phlogifti- 
cated air  which  had  been  expofed  to  the  adtion  of  the  acid  of 
nitre  in  the  tube. 

In  order  to  find  how  much  of  the  fame  kind  of  air  was  con- 
tained in  the  tube  after  the  procefs,  I examined  the  refult  above 
mentioned  in  the  following  manner.  Since  two  meafures  of 
nitrous  air,  and  one  of  this  refiduum,  were  reduced  to  1.02  m. 
it  is  evident,  that  1.98  m.  had  difappeared,  and  confequently 
one-third  of  this  quantity,  viz.  0.66  m.  had  been  dephlogifti- 
cated air,  and  that  the  remainder  of  the  meafure,  viz.  0.34,. 
had  been  the  proportion  of  phlogifticated  air  in  one  meafure 
of  this  refiduum.  If  then  one  meafure  of  this  refiduum  con- 
tains 0.34  m.  of  phlogifticated  air,  2.03  oz.  m.  will  contain 
0.6902  oz.  m..  which  is  lefs  than  0.8073  oz.  m.  the  quantity 
contained  in  it  before  the  procefs ; fo  that  a part  of  the  phlo- 
gifticated air  had  been  either  abforbed  or  decompofed,  its  phlo- 
gifton  having  been  imbibed  by  the  acid  at  the  fame  time  that 
it  had  emitted  the  dephlogifticated  air. 

In 
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In  another  procefs,  of  the  fame  kind,  the  glafs  tube  con- 
tained 0.92  oz.  m.  of  common  air,  and  the  air  that  came  cut 
of  it  after  the  procefs  was  one  ounce  meafure,  of  the  ftandard 
of  1.6  with  two  meafures  of  nitrous  air,  and  computing  as  I 
did  before,  the  phlogifticated  air  in  the  tube  before  the  procefs? 
was  0.6072  oz.  m.,  and  after  the  procefs  0.54  oz.  m. 

In  thefe  computations  it  is  fuppofed,  that  the  air  emitted  by 
the  acid  was  perfe&ly  pure,  fo  that  ail  the  phlogifticated  air 
that  is  found  after  the  procefs  is  fuppofed  to  have  been  con- 
tained in  the  common  air  confined  in  the  tube  before  it  was. 
commenced.  But  I found,  that  the  air  emitted  by  the  acid  is 
by  no  means  perfectly  pure,  fo  that  much  of  the  impurity 
mu  ft:  be  afcribed  to  this  circumftance. 

In  order  to  exclude  all  air  from  the  contact  of  the  acid,  I 
made  a quantity  of  it  to  boil  in  the  tube,  and  when  the  vapour 
had  expelled  all  the  air,  I fealed  it  hermetically,  in  the  manner 
in  which  water  hammers  are  made ; and  then  expoftng  it  to 
heat,  found  that  it  acquired  as  high  a colour  as  when  air  had 
been  confined  along  with  it  i fo  that  it  is  evident,  that  air  is  not 
neceffary  to  this  effect.  When  the  tube  was  opened  under  wa- 
ter, a quantity  of  dephlogifticated  air  ruftied  out,  exceedingly 
white  as  before ; but  when  I examined  it,  I found  it  to  be  of 
the  ftandard  of  only  0.66.  When  this  impurity  is  confidered, 
it  will  appear,  that  when  much  air  is  yielded  in  this  procefs* 
fome  phlogifticated  air  may  have  been  imbibed,  though,  com- 
puting in  the  manner  above  mentioned,  the  phlogifticated  air 
after  the  procefs  fhould  be  in  greater  quantity  than  was  con- 
tained in  the  tube  before  it,  as  was  the  cafe  in  the  following 
experiment. 

In  a glafs  tube  which,  befides  the  acid,  contained  1.13  oz* 
m.  of  common  air,  I expofed  colourlefs  fpirit  of  nitre  to  heat 

6 tilt 


i44  Dr.  Priestley’s  Experiments  on  the 

till  it  became  of  a deep  orange  colour ; and  when  it  was  opened 
under  water,  there  came  out  of  it  2.83  oz.  m.  of  air  exceedingly 
turbid,  of  the  ftandard  of  0.66,  with  two  equal  quantities  of 
nitrous  air,  when  that  of  the  common  air,  with  one  equal 
quantity  of  nitrous  air,  was  1.07.  Computing  in  the  manner 
above  mentioned,  there  was  in  the  tube  before  the  procefs 
0.7477  oz<  m*  phiogifticated  air,  and  after  the  procefs 
0.8792  oz.  m.  But  the  dephlogifticated  air,  amounting  to 
1.7  oz.  m.  being  of  the  ftandard  of  0.66,  will  be  found  to 
contain  0.374  oz.  m.  of  phiogifticated  air,  which  being  de- 
duced from  0.8792,  there  will  remain  only  0.5052  oz.  mu 
which  is  confiderably  lefs  than  0.7477  oz.  m. 

That  the  nitrous  acid  can  become  coloured,  without  imbibing 
any  thing  from  phiogifticated  air,  is  evident  not  only  from  its 
becoming  fo  when  heated  in  vacuo , as  defcribed  above,  but 
alfo,  when  it  was  in  contact  with  any  other  kind  of  air,  as  free 
from  phiogifticated  air  as  I could  make  it.  But  from  the  man- 
ner in  which  thefe  experiments  were  neceffarily  made,  it  was 
impoffible  intirely  to  exclude  phiogifticated  air,  either  as  part 
of  the  atmofpheric  air,  or  as  contained  in  the  impurities  of  the 
air  that  I made  ufe  of ; for  I firft  filled  the  tube  with  fpirit  of 
nitre,  then  plunging  the  orifice  of  it  in  a veffel  of  the  fame,  I 
introduced  a quantity  of  the  air  which  I wiflied  to  expofe  to  it* 
After  this,  putting  my  finger  upon  the  orifice,  I turned  it  up- 
fid  e down,  and  applying  to  it  the  clofed  end  of  a glafs  tube,  of 
about  the  fame  diameter,  I fealed  it  hermetically  with  a blow- 
pipe as  expeditioufly  as  I could.  This  is  a neceffary  imper- 
fection in  the  experiment;  but  I know  not  howto  remedy  it, 
if  any  of  the  acid  is  to  be  left  in  the  tube.  However,  the 
phiogifticated  air  introduced  in  this  manner  from  the  atmo- 
fphere  muft  have  borne  a very  fmall  proportion  to  the  air  in 
7 ' the 
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the  tube;  and  Tome  objedtion  will  always  remain  to  the  expe- 
riment from  the  impurity  of  the  air  made  ufe  of. 

Having  repeatedly  obferved,  that  the  acid  became  coloured 
in  eonfequence  of  beiir.g  expofed  to  heat  in  contadl  with  any 
kind  of  air  whatever,  I expofed  at  the  fame  time,  and  in  the 
fame  circumltances,  three  equal  quantities  of  the  fame  colour- 
lefs  fpirit  of  nitre,  in  three  nearly  equal  tubes,  one  containing' 
dephlogifticated,  another  phlogifticated,  and  a third  inflamma- 
ble air;  that,  if  there  fhould  be  any  difference  in  the  colouring 
of  the  acid  in  thefe  cafes,  it  might  be- the  more  eafily  per- 
ceived. But  though  I gave  all  the  attention  that  I could,  I did 
not  perceive  that  there  was  any  difference,  except  what  arofe 
from  fome  of  the  tubes  being  placed  a little  nearer  the  fire 
than  the  reft ; and,  by  changing  their  places,  the  colour  was 
at  length  the  very  fame  in  them  all. 

As  in  thefe  three  cafes  I examined  the  air  before  and  after 
the  procefs,  in  the  manner  above  mentioned,  I fhall  juft  recite 
the  particulars. 

Of  the  dephlogifticated  air  the  tube  contained  before  the  pro- 
cefs 1.46  oz.  m.  of  the  ftandard  of  0.67,  and  after  the  procefs 
it  contained  1*76  oz.  m.  of  the  ftandard  of  0.77  ; a difference 
owing  in  part  to  the  mixture  of  common  air,  which  could  note 
be  excluded  in  the  fealing  of  the  tube,  and  in  part  to  the  air 
emitted  from  the  acid  not  being  pure. 

Of  the  phlogifticated  air,  the  tube  contained  1.3  oz,.  m*. 
and  after  the  procefs  1.95  oz.  m.  of  the  ftandard  of  1.38. 

Of  the  inflammable  air,.,  the  tube  contained  before  the  pro- 
cefs 1.52  oz.  m.  and  after  the  procefs  1.9  oz.  m.  of  the  ftan-- 
dard  of  1.8.  They  were  all  meafured  by  a mixture  of  two 
equal  quantities  of  nitrous  air. 
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If  thefe  refults  be  examined  as  that  of  the  fir  ft  experiment, 
with  common  air,  it  will  be  found  that,  in  all  thefe  proceffes, 
there  was  lefs  phlogifticated  air,  or  inflammable  air,  after  the 
procefs  than  before;  and  this  refult  being  thus  uniform,  I can- 
not help  concluding,  that  this  kind  of  air  is  in  part  decom- 
pofed,  and  purified  by  this  means  ; fo  that  by  this  emiffion  of 
dephlogifticated  air  which  the  heat  expels  from  the  acid,  fome- 
thing,  and  probably  phlogifton,  is  at  the  fame  time  imbibed 
from  it ; which  proves  that  phlogifticated  air  is  no  Ample  fub- 
ftance,  but  a compound,  and  that  phlogifton  is  one  conftituent 
part  of  it ; for  this  acid  acquires  the  fame  colour,  and  all  the 
fame  properties,  by  adding  to  it  any  thing  that  is  fuppofed  to 
contain  phlogifton. 

As  the  fpirit  of  nitre  can  be  rendered  fmoking,  or  phlogifti- 
cated, by  the  mere  expulfion  of  dephlogifticated  air,  it  is  evi- 
dent, that  it  contains  two  principles  in  clofe  affinity  with  each 
other,  and  that  nothing  is  neceffary  to  render  either  of  them 
confpicuous  befides  the  abfence  of  the  other. 

It  is  alfo  natural  to  fuppofe,  that,  for  the  fame  reafon  that  the 
dephlogijlic  citing  principle  (as  it  may  be  called)  is  expelled,  the 
phlogijlicating  principle  fhould  enter ; fo  that  the  purification  of 
the  air  in  contact  with  the  acid  may  be  a neceflary  confequence 
of  the  expulfion  of  the  pure  air  contained  in  it,  the  whole 
tending,  as  it  were,  to  an  equilibrium  in  this  refpeft.  It  is 
therefore  by  no  means  difficult  to  conceive,  that  phlogifton 
fhould  be  extracted  from  the  contiguous  air  at  the  fame  time 
that  the  dephlogifticated  air  not  pure  (that  is,  containing  a mix- 
ture of  phlogifticated  air)  is  driven  out  of  it ; for  the  acid 
always  containing  phlogiftion,  whatever  air  is  contained  in  it, 
and  expelled  from  it,  may  neceflfarily  contain  phlogifton  or  phlo- 
gifticated air ; but  the  purer  air  may  be  emitted,  and  the 
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lefs  pure  air  be  imbibed,  till  the  whole  come  to  be  of  the  fame 
quality.  It  may,  however,  perhaps  follow  from  the  emiffion 
of  impure  dephlogifticated  air,  and  the  imbibing  of  phlogifti- 
cated  aj^r  at  the  fame  time,  that  the  former  does  not  confift  of 
dephlogifticated  and  phlogifticated  air  loofely  mixed,  but  of  fame 
intimate  union  of  dephlogifticated  air  with  phlogifton,  though 
they  may  be  feparated  by  a mixture  of  nitrous  air,  and  other 
proceffes,  in  the  very  fame  manner  as  dephlogifticated  air  may 
be  feparated  from  a loofe  mixture  of  phlogifticated  air. 

It  is  evident  from  thefe  experiments,  that  a red  heat  is  not 
neceffary  to  the  converfton  of  nitrous  acid  into  pure  air,  though 
this  procefs,  as  appeared  by  my  former  experiments,  produces 
this  effedt  moft  quickly  and  effedt uaily. 

I cannot  help  confidering  the  experiments  above  recited  to  he 
favourable  to  the  dodtrine  of  the  phlogifton,  and  unfavourable 
to  that  of  the  decompofition  of  water,  though  not  decifively 
fo ; for  fince  the  red  vapour  of  fpirit  of  nitre  unqueftionably 
contains  the  fame  principle  that  has  been  termed  phlogifton,  or 
the  principal  element  in  the  conftitution  of  inflammable  air, 
and  according  to  the  antiphlogiftians  this  is  one  conftituent  part 
of  water,  they  muft  fuppofe,  that  the  water  in  this  acid  is  de- 
compofed  by  a much  more  moderate  heat  than  in  moft  other 
Cafes,  In  general,  I believe,  they  have  thought  a red  heat  to 
be  neceffary  for  this  purpofe.  It  is  evident,  that  theconverfion 
of  water  into  fteam  by  boiling,  or  by  any  heat  that  can  be 
given  to  it  under  the  ftrongeft  prefliire,  has  no  tendency  what- 
ever to  decompofe  it.  But  if  the  mere  boiling  of  water  in 
nitrous  acid  could  produce  this  effedt,  I do  not  fee  why  the  fame 
fhould  not  be  the  cafe  when  water  alone  is  boiled. 

I think  it  will  alfb  be  more  difficult  to  explain  the  purifica- 
tion of  the  incumbent  atmofpherical  air  011  the  antiphlogiftic 
Vol.  LXXIX,  Y than 
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than  on  the  phlogiftic  hypothefis,  whatever  be  the  conftitu* 

tion  of  phlogifticated  air. 

As,  in  the  experiments  above  mentioned,  heat  without  light 
gives  colour  to  the  nitrous  acid,  and  the  reflection  or  refraCtion 
of  light  is  always  attended  with  heat,  it  may  perhaps  be  heat 
univerfally  that  is  the  means  of  imparting  this  colour,  though 
the  mode  of  its  operation  be  at  p refen t unknown.  And  in  thefe 
experiments,  as  well  as  the  former,  it  is  the  vapour  that  firft 
receives  the  colour,  and  imparts  it  to  the  liquid  when  it  is 
fufficiently  cold  to  receive  it. 

The  rufhing  out  of  a quantity  of  turbid  white  air  from  a 
tranfparent  tube,  quite  cold,  is  a ftriking  phenomenon  in  thefe 
experiments.  It  may  be  worth  while  to  examine  of  what  it  is 
that  this  remarkable  cloudinefs  of  the  air  confifts.  There  is 
the  fame  appearance,  as  I have  more  than  once  obferved,  in 
the  rapid  production  of  any  kind  of  air,  which  is  perfe&ly 
tranfparent  as  it  palies  along  the  glafs  tube  through  which  it  is 
tranfinitted,  till  it  comes  into  contaCt  with  the  water  in  which 
it  is  received. 

P.  S.  Not  to  multiply  my  communications  on  the  fubjeCt  of 
phlogijion  unneceffarily,  I would  beg  leave  to  obferve,  at  the 
clofe  of  this  article  (in  reply  to  what  has  been  objected  to  my 
former  experiments,  as  being  liable  to  exception  from  the 
phlogifticated  air  which  could  not  be  excluded  from  the  de- 
phlogifticated  air  when  it  was  decompofed  by  means  of  inflam- 
mable air)  that  I have  found  the  procefs  I made  ufe  of  to  have 
no  tendency  whatever  todecompofe  phlogifticated  air.  Indeed, 
nothing  that  we  have  hitherto  known  concerning  this  kind  of 
air  could  make  it  probable,  that  mere  heat , in  contaCt  with 
dephlogifticated  or  inflammable  air?  could  have  this  effeCt.  And 
1 it 
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it  is  o no  confequence  whatever  to  fay5  that  any  particular 
fubftance,  imagined  to  be  decompofed,  is  prefent  in  a procefs, 
unlefs  it  can  be  {hewn  that,  in  that  procefs,  there  are  agents 
capable  of  decompofing  it.  If  mere  heat  (which  is  a!l°that 
my  procefs  requires)  would  decompofe  phlogiflicated  air,  and 
reduce  it  to  nitrous  acid,  the  tranfmiffion  of  common  air 
(which  confifts  of  dephlogifticated  and  phlogiflicated  air) 
through  a red  hot  tube  would  have  this  effeft,  which  it  is  well 
known  not  to  have. 

But  what  I have  afferted  above  is  a conclufion  which  I have 
drawn  from  comparing  the  decompofition  of  dephlogifticated 
air  by  the  two  proceffes  with  nitrous  and  inflammable  air. 
That  nitrous  air,  when  mixed  with  dephlogifticated  air,  has 
no  tendency  to  produce  phlogiflicated  air,  is  evident  from  the 
almoft  total  evanefcence  of  both  of  them,  when  they  are 
very  pure,  and  mixed  in  due  proportions  ; and  that  nitrous  air 
has  no  effedt  on  phlogiflicated  air  is  well  known.  If  then  the 
firing  of  dephlogifticated  and  inflammable  air  had  a tendency 
to  decompofe  any  portion  of  phlogiflicated  air,  which  fliould 
happen  to  be  mixed  with  them,  lefs  would  remain  after  the 
firing  of  inflammable  and  impure  dephlogifticated  air  than  after 
mixing  it  with  nitrous  airj  for  as  the  impurities  of  dephlo- 
gifticated air  confift  of  phlogiflicated  air,  thofe  would  difap- 
pear  in  a greater  proportion  in  the  former  procefs  than  in  the 
latter..  But  by  many  careful  trials  I find,  that  I can  reduce 
any  kind  of  dephlogifticated  air  no  farther  by  a mixture  of  in- 
flammable air  than  I can  by  nitrous  air.  When  the  propor- 
tions are  well  managed,  the  diminution  is  as  nearly  as  poffible 
the  lame  in  both  the  cafes. 

I muft  obferve,  however,  that  it  requires  more  nitrous  air 
than  inflammable  air  (from  iron  by  fleam)  to  produce  this  effect 
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In  the  proportion  of  about  io  to  9 ; fo  that  nitrous  air  does  not 
contain  quite  fo  much  phlogiil'on  as  an  equal  bulk  of  inflam- 
mable air,  as  I had  before  thought  to  be  the  cafe. 

In  this  Paper  it  will  be  obferved,  that  I make  the  diminu- 
tion of  common  air  by  nitrous  air  to  be  confiderably  lefs  than 
I have  ufu ally  done  before.  This  has  been  the  confequence  of 
giving  the  two  kinds  of  air  a little  agitation  at  the  inftant  of 
mixing,  which  will  generally  make  the  diminution  lefs  by 
two  tenths  of  a meafure.  But  I have  found,  that  when  thefe 
mixtures  of  air,  with  and  without  agitation,  have  been  kept 
home  time,  they  approach  to  an  equality  of  bulk. 

At  the  fame  time  I have  obferved,  what  I think  not  a little 
extraordinary,  that  agitation  prevents  the  greateft  diminution 
of  dephlogifticated  and  nitrous  air.  I have  found  it  to  be  2.5 
without  agitation,  and  6.  with  it. 

The  lefs  diminution  of  the  mixture  of  nitrous  and  common 
air  Is  probably  owing  to  the  prefence  of  fo  much  phlogifticated 
air,  which  impedes  the  meeting  of  the  nitrous  air  with  the 
dephlogifticated  air  in  the  mixture ; becaufe  I find  the  fame  to 
be  the  cafe  when  I mix  the  fame  proportion  of  inflammable 
air  with  dephlogifticated  air;  and  when  dephlogifticated  air  is 
agitated  with  nitrous  air,  the  water  may  impede  their  union,  as 
the  phlogifticated  air  did  before. 

There  is,  therefore,  no  fource  of  the  nitrous  acid  which  I 
find  on  the  decompofition  of  dephlogifticated  and  inflammable 
air,  befides  the  union  of  thofe  two  kinds  of  air,  which  there- 
fore-do  not  make  mere  water , as  the  antiphlogiftians  fuppofe* 
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XII.  Obfervations  on  a Comet.  In  a Letter  from  William 
Herfchel,  LL.D.  F.  R.  S.  to  Sir  Jofeph  Banks,  Bart » 
P.  R.  S, 

Read  April  2,  1789. 

S I R,  Slough,  March  3,  1789, 

THE  laft  time  I was  in  town,  you  expreffed  a wifh  to:  fee 
my  obfervations  on  the  comet  which  my  lifter,  Caro* 
line  Herschel,  difcovered  in  the  evening  of  the  21ft  of  laft 
December,  not  far  from  /3  Lyrae. 

As  (he  immediately  acquainted  the  Rev.  Dr.  Maskelyne, 
and  feveral  other  gentlemen,  with  her  difcovery,  the  comet 
was  obferved  by  many  of  them.  The  Aftronomer  Royal,  in 
particular,  having,  I find,  obtained  a very  good  fet  of  valuable 
obfervations  on  its  path,  it  will  be  fufficient  if  1 communicate 
only  thofe  particulars  which  relate  to  its  firft  appearance,  and 
a few  other  circumftances  that  may  perhaps  deferve  to  be 
noticed. 

December  21,  1788,  about  8 o’clock,  I viewed  the  comet 
which  my  fifter  had  a little  while  before  pointed  out  to  me  with 
her  fmall  Newtonian  fweeper . In  my  inftrument,  which  was  a 
ten-feet  refle&or^  it  had  the  appearance  of  a confiderably 
bright  nebula ; of  an  irregular,  round  form ; very  gradually 
brighter  in  the  middle ; and  about  five  or  fix  minutes  in  dia- 
meter. The  fituation  was  low,  and  not  very  proper  for  inftru- 

ments  with  high  powers. 

2 


December 


Dr.  Herschel’s  Ohfervations  on  a Comet . 

December  22,  about  half  after  five  o’clock  in  the  morning, 
I viewed  it  again,  and  perceived  that  it  had  moved  apparently 
in  a dire&ion  towards  S Lyr2e,  or  thereabout.  I had  been  en- 
gaged all  night  with  the  twenty-feet  inftrument,  fo  that  there 
had  been  no  leifure  to  prepare  my  apparatus  for  taking  the 
place  of  the  comet ; but  in  the  evening  of  the  fame  day,  I 
took  its  fituation  three  times,  as  follows  : 

1 , ’ 

^*  / // 

Dec,  22.  at  23  42  19  fidereal  time,  the  comet  pafled  the  wire, 
at  23  49  24  j3  Lyras  palled  the  fame. 


Difference 

7 

5 

1 s 

very  accurate. 

at  23 

52 

52 

the  comet  pafled, 

at  23 

59 

O-i 

CO 

(3  Lyras  pafled, 

Difference 

7 

6 

accurate. 

at  ° 6 35  the  comet  pafled, 

at  o 13  40  /3  Lyrae  pafled, 

Difference  7 5 very  accurate.  ^ 

1 ' 1 1 

I found  in  every  obfervation  the  fmall  ftar  which  accotnpa* 
nies  j3  Lyrae  exadly  in  the  parallel  of  the  comet. 

Thefe  tranfits  were  taken  with  a ten-feet  reflector;  and  the 
difference  in  right  afcenfion,  I fhould  fuppofe,  may  be  de- 
pended upon  to  within  a fecond  of  time.  The  determination 

* For  this  fmall  tfar  fee  my  Catalogue  of  Double  Stars,  in  the  Philofophical 
Tranfa&ions  for  the  year  1782,  Part  I.  Clafs  V.  Star  3.  where  its  diflance  and 
polition  are  given,  and  confequenily  its  parallel  may  be  found* 

alio 


Dr.  Herschel’s  Objervatlons  on  a Comet. 

alfo  of  the  parallel  can  hardly  err  fo  much  as  fifteen  feconds  of 
a degree. 

This,  and  feveral  evenings  afterwards,  I viewed  the  comet 
again  with  fuch  powers  as  its  diluted  light  would  permit,  but 
could  not  perceive  any  fort  of  nucleus,  which,  had  it  been  a 
fingle  fecond  in  diameter,  I think,  could  not  well  have  efcaped 
me.  This  circumftance  feems  to  be  of  fome  confequence  to 
thole  who  turn  their  thoughts  on  the  inveftigation  of  the  na- 
ture of  comets ; elpecially  as  I have  alio  formerly  made  the 
fame  remark  on  one  of  the  comets  difcovered  by  M.  Mechain 
in  1787,  a former  one  of  my  lifter’s  in  1786,  and  one  of  Mr. 
Pigott’s  in  1783;  in  neither  of  which  any  defined,  folid 
nucleus  could  be  perceived. 

I have  the  honour  to  remain,  &c. 

If  7 1 


WILLIAM  HERSCHEL. 


* I 


A 
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XIII.  Indications  of  Spring,  obfervcd  by  Kobert  Martham,  Efquire,  F.  R.  S.  of  Stratton  in  Norfolk.  Latitude  52°  45'. 

Read  April  2,  1789. 


Dates. 

Snow- 

drop 

flower. 

Thrufli 

lings. 

Hawthorn 

leaf. 

« 

Hawthorn 

flower. 

Frogs  and 
Toad3 
croak. 

Sycamore 

leaf. 

Birch  leaf 

Elm  leaf. 

Mountain- 
alh  leaf. 

Oak  leaf. 

Beech 

leaf. 

Horfe- 

chefnut 

leaf. 

Chefnut 

leaf* 

Horn  beam 
leaf. 

Afli  leaf. 

Ringdoves 

coo. 

Rooks 

build. 

Young 

Rooks. 

Swallows 

appear. 

Cuckoo 

lings. 

Nightin- 
gale lings 

Churn 
Owl  lings. 

Yellow 

Butterfly 

appears. 

Turnip  in 
flower. 

Lime  leaf. 

Maple 

leaf. 

Wood 

Anemone 

flower. 

1736 

1735 

Dec.  4. 

March  30. 

173s 

Nifmes, 

France, 

Apr.  14,  N.S. 

Piacenza, 
Italy,  Mar. 
20,  N.  S. 

1739 

Feb.  23. 

Feb.  231 

April  13. 

April  19. 

April  25. 

Feb.  21. 

17+0 

Feb.  27. 

April  4. 

May  28. 

April  14. 

Feb.  27. 

March  31. 

April  14. 

May  2. 

May  21. 

May  2. 

1741 

May  9; 

March  1 2. 

•K 

Feb.  2. 

Feb.  13. 

April  2. 

April  g; 

April  19. 

April  14. 

1742 

Jan.  31. 

May  15. 

April  1 1 . 

April  1. 

April  17. 

April  17. 

April  21. 

April  13. 

1 743 

Jan.  31. 

May  8. 

Feb.  28. 

April  12. 

April  17. 

April  20. 

March  23. 

!744 

March  2S. 

ElTex, 
May  12. 

March  28. 

March  30. 

Feb.  21. 

April  1. 

March  31. 

April  20. 

April  9. 

May  23. 

April  8. 

1745 

Jan.  6. 

Jan.  26. 

March  26. 

May  13. 

March  14. 

March  29. 

March  29. 

March  29 

. Jan.  3. 

March  8. 

April  8. 

April' 3. 

April  22. 

April  12.' 

May  10. 

April  8. 

1746 

Jan.  20. 

March  26. 

May  13. 

March  15. 

April  io* 

April  10. 

May  1. 

May  1. 

Feb.  25. 

March  31. 

April  8. 

April  16. 

April  19. 

May  5. 

April  16. 

May  1. 

1747 

1748 

Jan.  8. 

Jan.  14. 

Feb.  15. 

April  26. 

Feb.  24. 

March  25. 

March  29. 

April  23. 

April  26. 

Jan.  13. 

Feb.  13 

March  26. 

April  2. 

April  22. 

April  15. 

May  9. 

March  18. 

Jan.  5. 

Jan.  29. 

April  3. 

Middlefex, 
May  22. 

March  28. 

April  14. 

April  10. 

Feb.  8. 

Feb.  29. 

April  3. 

April  2. 

April  16. 

April  23. 

May  28. 

April  22. 

1749 

Jan.  4. 

Jan.  17. 

Feb.  19. 

Middlefex, 
May  1. 

March  5. 

March  18. 

March  24. 

— 

April  22. 

April  22. 

Feb.  13. 

Feb.  IS. 

March  29. 

April  5. 

April  13. 

April  16. 

May  20. 

March  9. 

175° 

Jan.  15. 

Jan.  17. 

Feb;  13. 

April  13. 

Feb.  20. 

Feb.-  22. 

Feb.  21- 

March  31. 

April  15. 

Jan.  22. 

Feb,  13. 

March  30. 

April  8.- 

April  11. 

April  9. 

May  17. 

Feb.  9. 

Feb.  22. 

I751 

Jan.  9. 

Jan.  2. 

March  jo 

May  9. 

March  27* 

March  22. 

March  6. 

April  25. 

April  24. 

March  2 1. 

j 

April  16. 

1750 
Dec.  29. 

March  3. 

April  7. 

April  19. 

April  j6 

May  3. 

March  29. 

1752 
IN. Style 
! I7« 

Jan.  30. 

Middlefex, 
Eeb.  18. 

May  14. 

March  9. 

April  6. 

April  2. 

April  20. 

April  20. 

March  19. 

*751 
Dec.  27. 

March  29. 

April  2. 

Aprit  9. 

April  7. 

May  12. 

April  6. 

Feb.  1. 

Feb.  1. 

March  2 1 . 

May  11. 

April  1. 

April  3. 

March  27. 

April  24. 

April  29. 

May  11. 

Feb.  22. 

March  3. 

April  15. 

April  17. 

April  24. 

April  19. 

March  30. 

’ '754 

Jan  18. 

Feb.  16. 

April  7 . 

May  22. 

April  6. 

April  14 

April  14. 

I May  1 1. 

May  7. 

March  1. 

April  1 1. 

April  13 

April  24. 

April  II. 

May  16 

May  9. 

I !755 

Jan.  26. 

Feb.  16. 

March  3 1 . 

May  10. 

April  1. 

April  9. 

April  1. 

April  io. 

April  9.  | April  1 8. 

April  2 1 . 

March  31. 

April  16. 

April  13. 

April  22. 

March  4. 

March  14. 

April  18. 

April  6. 

April  23. 

April  14 

June ‘4. 

-1 i 

April  13. 

April  12. 

April  18. 

— 

Vol.  LXXIX 
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Indications  of  Spring  continued, 


il 

\ 


Dates. 

Snow- 

Thrulh 

Hawthorn 

leaf. 

Hawthorn 

flower. 

Frogs  and 
Toads 
croak. 

Sycamore 

leaf. 

Birch  leaf 

Elm  leaf. 

Mountain 

Oak  leaf. 

Beech 

Horfe- 

Chefnut 

Hornbean 

Afli  leaf. 

Ringdoves 

Rooks 

Young 

Swallows 

Cuckoo 

Nightin- 

Churn 

Turnip  in 
flower. 

Lime  leaf. 

Maple 

leaf. 

Wood 

Anemone 

flower. 

J flower. 

lings. 

afli  leaf. 

leaf. 

leaf. 

leaf. 

leaf. 

coo. 

build. 

Rooks. 

appear. 

flngs. 

gale  lingR. 

Owl  flngs 

Butterfly 

appears. 

•756 

Jan.  8. 

Jan.  30. 

Feb.  26. 

May  25. 

March  io 

April  I. 

March  1 1 

March  30 

April  3. 

May  7. 

May  7. 

Feb.  22. 

March  I . 

April  8, 

April  7. 

April  18. 

April  14. 

May  16. 

^ 755»Dec 

28.  and 
March  4. 

May  7. 

1 757 

Feb.  0. 

Feb.  16. 

March  20 

May  19. 

March  29. 

April  1. 

March  29 

April  1. 

March  31 

April  26. 

April  29. 

May  1. 

Mar.  10. 

March  13. 

April  18. 

April  16. 

April  26. 

April  16. 

May  1 7 

April  1 1. 

— 

J/jS 

I™.  9. 

Feb.  2. 

March  19 

May  13. 

March  16. 

April  1. 

April  1. 

April  1. 

April  13. 

April  29. 

April  27. 

April  1 3. 

March  13 

May  8. 

March  3. 

March  5. 

April  13. 

April  10. 

April  30. 

Middlefex 
April  23. 

May  18. 

March  15 

April  14. 

, 1759 

Jm-  9- 

Jan.  17. 

Feb.  11. 

May  6. 

March  1. 

Middlcfex, 
March  22. 

Middlefex, 
March  31. 

Middlefex, 
March  19. 

April  1. 

April  15. 

April  25. 

Middlefex, 
March  23 

April  21. 

Middlefex, 
March  30 

April  23. 

Feb.  11. 

Feb.  28. 

April  10. 

April  10. 

April  26. 

April  21. 

June  6. 

Feb.  27 

April  18. 

April  i 8. 

1760 

Jan.  24. 

Feb.  10. 

Kent, 
March  7. 

April  27. 

March  15. 

April  3. 

April  2. 

April  9. 

April  2. 

April  19. 

April  19. 

April  12. 

April  19. 

April  13. 

April  19. 

Middlefex, 
March  12. 

April  11. 

April  1 1 . 

April  21. 

April  21. 

May  29. 

April  13. 

April  19. 

April  13. 

1761 

Jan.  4. 

Surrey, 
Feb.  27. 

May  4. 

March  22. 

March  25 

March  24. 

Surrey, 
Feb.  27, 

March  25. 

April  14. 

April  20. 

March  29. 

April  10. 

April  10. 

May  3. 

March  26. 

Eflex, 
March  1 1 . 

April  7. 

April  5. 

May  2. 

April  17. 

Miy  30. 

March  1 2 

Jan.  15. 

April  4. 

April  17. 

March  29. 

S^2 

Jan.  12. 

Jan.  22. 

Surrey, 
March  7. 

May  4. 

April  19. 

Middlefex, 

April  16. 

April  6. 

Middlefex, 
April  12. 

April  19. 

April  22. 

April  21. 

Middlefex, 
April  16. 

April  20. 

Herts. 
April  18 

April  25. 

- 

April  20. 

April  8. 

April  20. 

April  19. 

May  31. 

April  3, 

April  19. 

April  16. 

April  21. 

!7&3 

London, 
Feb.  1 1. 

Surrey, 
Feb.  26. 

May  7. 

March  30. 

March  28. 

March  23 

April  1. 

March  28. 

April  24. 

April  20. 

Surrey, 
March  jo. 

April  18. 

April  3. 

May  7. 

April  16. 

April  3. 

April  27. 

April  20. 

May  31. 

April  17. 

April  13. 

1764 

Jan.  6. 

Jan.  9. 

Feb.  17. 

Middlesex. 
May  17. 

London, 
March  21. 

Surrey, 
April  8. 

Herts. 
April  24. 

Herts. 
April  24. 

Surrey, 
April  8. 

Kent, 
May  5. 

Feb.  22. 

March  6. 

London, 
April  8. 

Herrs. 
April  24. 

Kent, 
May  2. 

Middlefex, 
March  18. 

1763 

Jan.  5. 

Feb.  1 1. 

March  16. 

Kent, 
May  1 1 . 

March  23. 

Middlefex, 
April  7. 

Middlefex, 
March  29. 

Herts. 
May  1. 

Herts. 
May  1. 

Middlefex, 
March  31. 

Herts. 
May  1. 

Feb.  23. 

March  7. 

Middlefex, 
April  14. 

Middlefex, 
April  12'. 

Herts. 
May  3. 

June  4. 

Middlefex, 
April  10. 

March  24. 

1766 

Feb.  23. 

March  1 6. 

March  9. 

Surrey, 
April  13. 

March  1 1 . 

Middlefex 
April  12. 

Surrey, 
May  2. 

Surrey, 
May  2. 

Surrey, 
April  13. 

Surrey, 
May  2. 

Surrey, 
May  2. 

March  3, 

March  7. 

Middlefex, 
April  24. 

Middlefex, 
April  i 7. 

Surrey, 
May  2. 

Surrey, 
May  2. 

May  26. 

March  6 

Surrey, 
April  i2. 

1767 

Jan.  28 

. Feb.  1. 

Surrey, 
March  i 2 

May  29. 

Surrey, 
April  19. 

S u rrey, 
April  19. 

Middlefex, 
March  14. 

Eflex, 
May  3. 

May  5. 

Middlefex, 
April  8. 

Middlefex, 
Feb.  29. 

Surrey, 
April  23. 

May  7. 

Eflex, 
May  3. 

London, 
Vlarch  22. 

1768 

Jan.  28. 

Surrey, 
Feb.  28. 

May  11. 

March  17. 

March  23. 

March  21. 

April  4. 

April  4. 

April  24. 

April  24. 

April  4. 

April  19. 

April  27. 

April  10. 

April  17. 

April  24. 

April  17. 

March  28. 

April  20. 

1769 

Jan.  13. 

Eflex. 
March  4 

Eflex, 
May  4. 

Vliddlcfex, 
April  17. 

Kent, 
March  25. 

Middlefex. 
April  6. 

Kent* 

Aprii  25. 

Middlefex, 
April  6. 

Kent, 
April  25. 

- 

Eflex, 
May  4, 

J 

Surrey, 
April  19. 

Kent, 
April  25. 

SulTex, 
May  23. 

June  10. 

London, 
April  1 6. 

1770 

Jan.  21. 

Jan.  28. 

Surrey, 
March  1 1. 

May  22. 

Middlefex, 
April  23. 

May  1. 

Middlefex, 
March  1 1. 

May  1. 

May  1 1 . 

May  6.  J 

Middlefex, 
April  8. 

May  12. 

May  1. 

May  12. 

Feb.  23. 

Middlefex, 
April  23. 

May  1. 

May  6. 

Feb.  14. 

April  23. 

May  2. 

May  7. 

* 
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Indications  of  Spring  continued. 


1 

Dates. 

Snow- 

drop 

flower. 

Thru-Ill 

lings. 

Hawthorn 

leaf. 

Hawthorn 

flower. 

Frogs  and 
Toads 
croak. 

Sycamore 

leaf. 

Birch  leaf. 

Elm  leaf. 

Mountain- 
afli  leaf. 

Oak  leaf. 

Beech 

leaf. 

Horfe- 

chefnut 

leaf. 

Chefnut 

leaf. 

Hornbeam 

leaf. 

A(h  leaf. 

Ringdoves 

coo. 

Rook6 

build. 

Young 

Rooks. 

Swallows 

appear. 

Cuckoo 

fings. 

Nightin- 
gale fings. 

Churn 
Owl  fings. 

Yellow 
B utre  r fly 
appears. 

Turnip  in 
flower. 

Lime  leaf. 

Maple 

leaf. 

Wood 

Anemone 

flower. 

i77i 

Jan.  27. 

Feb.  21. 

April  1 1 . 

May  25. 

April  6. 

May  4. 

May  4. 

Middlefex, 
April  24. 

May  2. 

May  15. 

May  10. 

May  2. 

May  10. 

May  7. 

May  16. 

Feb.  26. 

March  13. 

Middlefex, 
April  18. 

May  3. 

May  3. 

May  20. 

Feb.  18. 

May  3. 

May  7. 

May  7. 

April  11. 

1772 

Jan.  14. 

Feb.  12. 

March  22 

May  22. 

March  25. 

Middlefex, 
April  13. 

Middlefex, 
April  8. 

Middlefex, 
April  13. 

May  13 

May  3. 

Middlefex, 
April  13. 

May  1 1 . 

May  3. 

May  26. 

March  3. 

Feb.  19. 

Kent, 
April  13. 

Surrey, 
April  26. 

May  1 1 . 

May  17.- 

March  25. 

April  17. 

Middlefex, 
Aprii  18. 

May  5. 

1 773 

Jan.  11. 

Jan.  26. 

March  21. 

May  6. 

March  18. 

April  10. 

March  29. 

April  6. 

April  6. 

April  23. 

April  29. 

April  16. 

April  10. 

May  20. 

March  3. 

March  3. 

April  10. 

April  16. 

April  22. 

Efiex, 
May  20. 

June  2. 

March  3. 

March  24. 

April  21. 

April  19. 

April  8. 

1 774 

Jan.  28 

Herts. 
Feb.  17. 

Herts. 
March  4. 

May  10. 

March  31. 

April  3 

March  3 1 . 

April  3. 

March  31. 

April  25. 

April  24. 

April  8. 

April  16. 

April  27. 

April  11. 

April  21. 

April  26. 

April  30. 

May  6. 

Herts. 
March  4 

April  6. 

April  8. 

April  24. 

March  26. 

1775 

Jan.  14. 

Feb.  9. 

Feb.  26. 

May  1 . 

March  5. 

March  25. 

March  20 

March  19, 

March  21. 

April  21. 

April  25. 

Suffolk, 
March  30. 

April  30. 

Cambridgefh. 
March  31. 

May  2. 

Feb.  13. 

Feb.  26. 

April  15. 

Suffolk, 
April  14. 

April  23. 

May  7. 

May  13. 

Feb.  26. 

March  13 

Cambridgefh 
March  31. 

Herts. 
April  7. 

March  9. 

1776 

1775 
Dec.  30. 

Feb.  21 

Herts. 
March  8. 

April  28. 

March  22. 

March  26. 

March  19. 

March  19. 

March  23. 

April  13. 

April  19. 

March  30. 

April  21. 

April  2. 

April  23. 

Feb.  14. 

March  13. 

April  2. 

April  8. 

April  21. 

April  17. 

May  26. 

March  22. 

April  7. 

April  12. 

April  6. 

April  3. 

1 777 

Jan.  1 7. 

Feb.  25. 

March  20. 

May  6. 

March  25. 

March  28. 

March  26. 

April  7. 

March  29. 

April  22. 

April  22. 

March  30. 

April  25. 

April  11. 

May  4. 

Feb.  28. 

Feb.  26. 

April  6. 

April  13. 

April  20. 

May  8. 

May  20. 

Feb.  27. 

April  7. 

April  10. 

April  22. 

1778 

Jan.  26. 

Feb.  9. 

April  4. 

Herts. 
May  14. 

March  19. 

April  6. 

April  6. 

April  12. 

April  7. 

April  30. 

April  15. 

April  1 1 . 

April  17. 

April  12. 

April  25. 

Feb.  9. 

March  3. 

April  12. 

April  21. 

April  30. 

May  3. 

May  27. 

March  18. 

April  14. 

April  13. 

April  5. 

1 7 79 

1778 
Dec.  24. 

Feb.  6. 

Feb.  22. 

April  16. 

Feb.  25. 

March  7. 

March  4. 

March  4. 

March  5. 

March  31. 

April  5. 

March  23. 

April  3. 

March  24. 

Aprit'2. 

Feb.  25. 

March  1. 

April  4. 

April  13. 

April  25. 

May  9. 

May  19. 

Feb.  18. 

Feb.  28. 

April  1. 

March  31. 

March  15. 

1780 

Feb.  9. 

Feb.  16. 

March  13. 

May  10. 

March  21. 

March  25. 

March  28. 

March  26. 

March  28. 

April  26. 

April  24. 

March  22. 

April  26. 

March  29. 

May  1. 

March  8. 

March  1. 

April  6. 

April  22. 

April  22. 

April  30 

March  8. 

April  30. 

April  2. 

April  22. 

March  29. 

1781 

Jan.  29. 

Feb.  6. 

March  9. 

April  28. 

March  16. 

March  22. 

March  24. 

March  26. 

March  24. 

April  19. 

April  15. 

April  10. 

April  20. 

April  3. 

April  19. 

Feb.  9. 

March  1. 

April  6. 

April  1 1 . 

April  16. 

April  24. 

April  29. 

March  9. 

Apiil  7. 

April  6. 

April  13. 

March  26. 

1782 

Jan.  4. 

Feb.  21. 

Feb.  20. 

May  19. 

March  13. 

April  3. 

April  10 

April  10. 

May  14. 

April  23. 

April  10. 

May  1 1 . 

April  22. 

May  16. 

Feb.  27. 

Feb.  27. 

April  10. 

April  22. 

April  22. 

May  8. 

May  27. 

April  7. 

April  10. 

May  5. 

April  27. 

April  12. 

1783 

Jan.  26. 

Jan.  31. 

Feb.  23. 

April  27. 

March  io. 

April  7. 

April  1. 

April  2. 

April  1. 

April  24. 

April  19. 

April  6. 

April  19. 

April  14. 

April  20. 

Feb.  14. 

March  9. 

April  12. 

April  20. 

April  28. 

April  12. 

May  13. 

March  j8 

March  23. 

April  2. 

April  18. 

April  j. 

1784 

Feb.  8. 

March  4. 

April  22- 

May  14. 

April  1 8. 

April  23. 

April  23. 

May  6. 

April  22. 

May  9. 

May  1. 

April  23. 

May  9. 

April  27. 

May  12. 

March  7. 

March  2. 

April  9. 

April  19. 

April  26. 

April  28. 

May  16. 

April  17. 

May  14. 

May  4. 

April  27. 

April  22. 

178s 

Jan.  24. 

Jan.  24. 

April  12. 

May  2. 

April  8. 

April  19. 

April  18. 

April  19. 

April  18. 

May  5. 

April  23. 

April  19. 

April  29. 

April  19. 

May  2. 

March  18. 

March  14. 

April  16. 

April  12. 

April  27. 

April  23. 

May  18. 

March  19. 

April  27. 

April  22. 

April  24 

April  16. 

1786 

Jan.  22. 

Feb.  15. 

March  26. 

May  15. 

March  19. 

April  18. 

April  16. 

April  19. 

April  16. 

May  6. 

April  28. 

April  18. 

May  6. 

April  18. 

May  2. 

March  12. 

Feb.  3. 

April  13. 

April  21. 

April  30. 

April  22. 

June  4. 

March  12. 

April  25. 

April  20. 

April  21. 

April  1 1. 

1787 

Jan.  30. 

Feb.  4. 

Feb.  25. 

May  1. 

March  21. 

March  22. 

March  18. 

March  18. 

March  17. 

April  26. 

April  25. 

March  21. 

April  24. 

March  18. 

April  29. 

March  9. 

March  7. 

April  13. 

April  18. 

May  2. 

April  27. 

June  4. 

Feb.  18. 

March  22. 

March  29. 

April  26. 

March  16. 

1788 

Jan.  12. 

Feb.  12. 

March  2. 

May  6. 

March  24. 

April  4. 

April  3. 

April  10. 

April  4. 

April  24. 

April  18. 

April  4. 

April  20. 

April  4. 

April  20. 

March  1 1 . 

Feb.  26. 

April  14. 

April  11. 

April  21. 

April  27. 

May  23. 

March  28. 

April  13 

April  1 1 . 

April  12. 

Marc*’  ~" 
*30. 

B b 
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XIV.  An  Account  of  a Monfter  of  the  human  Species , in  two 
Letters ; one  Jr om  Baron  Reichel  to  Sir  Jofeph  Banks,  Bart . 
and  the  other  from  Mr.  James  Anderfon  to  Baron  Reichel. 
Communicated  by  Sir  Jofeph  Banks,  Bart.  P . R , S. 

n 

Read  April  30,  1789. 
to  sir  Joseph  Banks,  bart.. 

$ I R 5 Fort  St.  George,  Feb.  28,  1788. 

I HAVE  the  pleafure  to  tranfmit  to  you  the  portrait  of  a 
Gentoo  boy,  an  aftonifhing  living  fubject,  who  being  fent  to 
me  by  a friend  of  mine  redding  in  the  environs  of  the  native 
place  of  the  boy,  I made  two  drawings  reprefenting  the  alter- 
nate attitudes  in  which  he  can  place  half  the  body  of  his  little 
brother,  who  adheres  to  his  bread:.  See  Tab.  1L  Peruntaloo  is 
a handfome  well-made  lad,  poffeffing  every  due  faculty  of  mind 
and  body,  rather  more  fagacious,  and  with  a fuperior,  (hare  of  un- 
derhanding, than  young  puen  in  general  of  his  age.  In  addition 
to  the  inclofed  anatomical  defcription  of  the  boy  by  Mr.  An- 
dersln,  you  will  obferve  in  the  drawings  two  circular  dotted 
lines,  about  the  lower  part  of  the  loins  of  the  femhmonder. 
During  the  feveral  fittings  I had  of  Peruntaloo,  lobferved  an 
Internal  motion  about  thefe  parts  rather  more  confpicuous  than 
any  other  of  the  body ; and  upon  queftioning  the  youth,  he 
fhewed  me,  that  by  retaining  %his  breath,  he  could  force  a 
current  of  air  Into  them,  fo  as  to  fwell  the  parts  like  two  blown- 
up  bladders,  with  a rumbling  noife  at  the  time  of  adion.  Whe- 
ther there  is  a connexion  with  the  lungs  of  Peruntaloo  is 

Cc  aqueftion. 


■Vcl.  LXXIX. 


ijS  Baron  Relchel’s  Account  of  a 

a queftion  I cannot  venture  to  determine;  Mr.  Ander^n, 
however,  thinks  it  well  worth  my  mentioning  this  obferva- 
tion.  The  eredtion  of  the  little  penis  in  the  femi-monfter. 
and  the  command  Peruntaloo  has  or  difcharging  the  urine 
through  it,  are  perfectly  afcertained. 

Such  as  this  fubjedt  is,  if  with  any  merit,  you  may  depend 
‘upon  the  correchiefs  of  the  drawings. 

I am,  &c. 

T,  REICHEL. 

To  Baron  Reichel. 

S I R,  Fort  St.  George,  Feb.  25,  17SS. 

AS  you  mean  to  fend  the  elegant  drawing  of  Peruntaloo 
to  Sir  Joseph  Banks,  you  may  acquaint  him  from  me,  that  the 
little  brother  is  fufpended  by  the  os  pubis ; an  elongation  of 
the  fword-like  cartilage  of  Peruntaloo  having  anaftomofed 
with  that  bone  at  the  fymphyfis. 

The  lower  orifice  of  the  ftomach  feems  to  lie  in  the  fac  or 
cylindrical  cavity  between  the  two  brothers  on  the  right* fide, 
and  what  may  be  reckoned  the  right  hypochondre  of  the  little 
one,  as  that  part  is  tumid  and  full  after  eating. 

The  alimentary  canal  muft  be  common  to  both,  as  the  anus 
of  the  little  one  is  imperforate. 

There  is  a bladder  of  urine  difHndtly  perceived,  which  occu- 
pies the  left  fide  of  the  fac,  or  left  hypochondre  of  the 
monfler.  < 

Befides  which,  there  remain  only  the  facrum,  offa  inno- 
mlnata,  and  lower  extremities  perfedt. 


1 


Peruntaloo 


Philos.  Trans.  IPol.  J JCX3X.  Tab,  1 Lp,  j6o. 


■ 'll  from*  lift,  at  Madras,  2 8 ^ Ocd  ij8j,  by  T.iReicAel. 


Monfler  of  the  hum  tin  Species.  i eg. 

Pkruntaloo  fays  he  has  as  complete  a fenfeof  feeling  with 

V 

every  part  of  the  body  of  his  little  brother  as  of  his  own  pro- 
per body,  and  this  may  account  for  the  erections  you  faw,  and 
making  water  diftimftly ; but  this  volition  does  not  extend  to 
the  legs  or  feet,  which  are  cold  in  comparifon  with  the  reft. 

1 am,  &c. 

JAMES  ANDERSON.. 


EXPLANATION  OF  THE  PLATE. 


Peruntaloo,  foil  of  Chindrahpah  Nayandoo,  of  the 
Gentoo  Caft.  He  was  born  at  Pcpelpahdoo,  70  miles  weft 
from  Mufiiipatnarm  He  is  13  years  of  age,  and  meafures 
4 feet  6\  inches  in  height. 

Fig.  1.  Natural  petition; 

Fig.  2.  Reverfed  pofition. 


C C 2' 
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3CV.  A fupplementary  Letter  on  the  Identity  of  the  Species  of  the 
Dog,  Wolf,  and  Jackal';  from  John  Hunter,  Efj ♦ F \ R . S, 
. addrejfcd  to  Sir  Jofeph  Banks,  Bart . P.  P,  /S’. 


Read  April  30,  178^. 

/ 

S I R, 

IN  the  year  1787  I had  the  honour  of  prefenting  to  this  learned 
Society,  a Paper  to  prove  the  Wolf,  the  Jackal,  and  the  Dog  to 
be  of  the  fame  fpecies.  But  as  the  complete  proof  of  the  Wolf 
being  a Dog,  which  confifted  in  the  half-bred  puppy  breeding 
again,  had  not  been  under  my  own  infpe&ion,  although  fufft- 
ciently  well  authenticated,  I laved  a female  of  one  of  the  half- 
bred  puppies,  mentioned  in  that  Paper,  in  hopes  of  being  my- 
felf  a witnefs  of  the  fa£t ; but  when  the  period  of  impregna- 
tion arrived,  we  unluckily  miffed  that  opportunity.  However, 
another  half-bred  puppy  has  had  young,  which  is  equally 
fatisfaftory  to  me  as  if  my  own  had  bred.  John  Symmons, 
Efq.of  Milbank,  has  had  a female  Wolf  in  his  pofleffion  for  fome 
time,  who  was  lined  by  a Dog,  and  brought  forth  feveral  pup- 
pies, which  I had  the  honour  of  feeing  with  you.  This  was  a 
very  fhort  time  after  the  brood  had  been  produced  by  Mr. 
Go  u gh’s  Wolf,  the  fubjeft  of  my  former  Paper,  therefore  the 
puppies  were  nearly  of  an  age  with  mine.  Thefe  puppies  Mr* 
Symmons  has  reared;  only  one  of  them  was  a female,  andfhe 
had  much  more  of  the  mother  or  Wolf  in  her  than  any  of 
j the 


/ 


Mr.  Hunter9s  fupplementary  Letter . 16* 

the  reft  of  the  fame  litter.  I communicated  my  wifh  to  Mr. 
Symmons,  that  either  his  puppy  or  mine  ftiouid  prove  the  fa6t 
to  our  own  knowledge  ; which  he  immediately*  with  great  rea- 
dinefs,  acceded  to.  On  the  1 6th,  17th,  and  1 8th  of  Decem- 
ber, 1788,  this  bitch  was  lined  by  a Dog,  and  on  the  1 8th  of 
February  (he  brought  eight  puppies,  all  of  which  (he  now 
rears.  If  we  reckon  from  the  1 6th  of  December,  {he  went 
fixty-four  days;  but  if  we  reckon  from  the  17th,  the  mean 
time,  then  it  is  fix  ty- three  days,  the  ufual  time  for  a bitch  to 
go  with  pup.  Thefe  puppies  are  the  fecond  remove  from  the' 
Wolf  and  Dog,  fimilar  to  that  given  by  my  Lord  Clanbras- 
sil  to  the  Earl  of  Pembroke,  which  bred  again.  (See  Philofo- 
phical  Tranfadions,  Vol.  LXXVil.  p.  255.)  It  would  have 
proved  the  fame  fad  if  fhe  had  been  lined  by  either  a Wolf,  a 
Dog,  or  one  of  the  males  of  her  own  litter. 

I may  juft  remark  here,  that  the  Wolf  feems  to  have  only  one 
time  in  the  year  for  impregnation  natural  to  her,  and  that  is  in  the 
month  of  December;  for  every  time  Mr.  Gough’s  Wolf  has  been 
in  heat  was  in  this  month,  and  it  proves  to  be  the  fame  month  in 
which  Mr.  Symmons’s  Wolf  was  in  heat ; for  his  half-bred 
Wolf  is  nearly  of  the  fame  age  with  mine,  and  the  time  ftie 
was  in  heat  was  alfo  the  fame  with  that  of  her  own  mother, 
and  the  prefent  brood  correfponds  in  time  with  the  brood  of 
Mr.  Gough’s  Wolf. 

I am,  &c. 

JOHN  HUNTER* 
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XVI.  Abfiradl  of  a Re  gif  er  of  the  Barometer , Thermome- 
ter 5 and  Rain , <2/  Lyndon  in  Rutland;  hy  Thomas  Barker, 
Efq . of  the  Rain  in  Hamplhire  Surrey.  Commu- 

nicated hy  Thomas  White,  Rfq*  F.R.S. 

Read  April  30,  1789* 

1788. 


.-  ...  . — . 

Barometer.  1 

Thermometer. 

Rain. 

* ' 

In  the  Houfe.  j 

Abroad. 

Surrey. 

Hampshire. 

Lyndon 

S.Lara- 

Sel- 

Fy  field 

: 

Higheft  Lowett. 
S 1 

Mean.  I 

High. 

Low. 

Mean|High. 

Low. 

Mean 

beth. 

bourn. 

Inches. 

Inches. 

Inches. 

0 

0 

0 ! 

0 

0 

0 

Inch. 

Inch. 

Inch. 

Inch. 

Jan. 

Morn. 

Aftern. 

3°  A 3 

28,37 

29,5° 

44 

44 

34 

35 

40  j 
4°i 

45 

49 

23! 

3° 

36 

41 

0,970 

0,68 

1,60 

1,10 

Jeb. 

Morn, 

Aftern. 

29,77 

28,25 

29,14 

45 

45 

35 

37 

4°i! 

41 

44 

48 

27I 

3° 

36 

42 

2,667 

2,09 

3,37 

2,  6 

\ Mar. 

Morn. 

Aftern. 

29,6S 

28,84 

29>23 

51 

52| 

34 

o r-i 

40 

41 

5° 

63 

22 

31 

35 

43 

1,072 

0,64 

%3i 

i,36 

j Apr. 

Morn. 

Aftern. 

30,02 

28,94 

29,59 

56 

60 

422 

43i 

5° 

5i- 

54 

68J 

35 

40 

45i 
56  | 

0,588 

0,47 

0,61 

0,50 

i. , 

i May 

i 

Morn. 

Aftern. 

29,92 

29,19 

29,60 

68  J 
72“ 

51 

53 

58 

60 

64 

82 

43i 

51 

r*  rj  I 
0 2 2 

66 

I»5I7 

0,81 

0,76 

0,28 

■June 

Morn. 

Aftern. 

29,85 

29,10 

29,52 

651 

69 

56 

575 

60 

61 

64| 

82!, 

5° 

58 

56 

67 

0,608 

1,94 

1,27 

1,36 

F'y 

[Morn, 
j Aftern. 

29,78 

29,21 

29,52 

67i 

70 

58 

591 

62 

631 

7°i 

83 

51 

58 

59 

72 

i,795 

1,84 

3,58 

I,8l 

: Aug. 

Morn. 

Aftern. 

30,01 

28,88 

29,49 

68 

70I 

57i 

59 

6ii 

63 

64 

77 

54 

62 

56 

68 

V* 

M 

OO 

O 

4?  3° 

3^2 

3,4° 

Sept. 

Morn. 

Aftern. 

29,80 

29,00 

29,40 

66 

66| 

52| 

53 

585 

59 

6ii 

75§ 

42 

5° 

52 

63 

2,43° 

3,81 

5,71 

3>78 

ioa. 

Morn. 

Aftern. 

3°  A 5 

29A3 

29,68 

59 

60 

46 

47 

52 

53 

57 

66 

32 

45 

46 

54i 

| 1,412 

0,08 

0,  0 

0,03 

Nov. 

Morn. 

Aftern. 

.30,01 

29,06 

29,62 

53 

53 

37 

37i 

45 

46 

5 if 
58 

25l 

3i 

39 

45 

j °,453 

0,62 

0,86 

o,74 

Dec. 

Morn. 

Aftern. 

29,85 

29, 1 2 

29,47 

39 

4°2 

27 

28 

34 

34i 

4°2 
! 44i 

15 

225 

27 

3*i 

o58qo 

* 

0,00 

0,21 

0,42 

Inches 

17,182 

17,28 

22,50 

16,84 

THE 
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THE  year  began  open  and  mild,  at  firft  (bowery,  afterward 
drier  and  ftormy.  The  chief  part  of  February  was  wet,  but 
more  fo  for  frequency  than  quantity.  After  a few  mifty  days 
there  came  in  March  above  a fortnight’s  (harp  froft,  the  longed 
this  winter,  and  with  fevere  ead  winds  cut  things  more  than 
ail  the  winter  before,  which  was  in  general  an  open  one. 
The  lad  twelve  or  thirteen  days  of  March  the  fpring  fet  in 
pleafant,  and  continued  forwarding  all  April,  and  proved  a 
very  dry  fpring®  There  were  at  times  this  year  fits  of  ex- 
ceeding hot  weather,  the  end  of  April,  the  fourth  week  in 
May,  the  third  in  June,  and  fecond  in  July ; but  fo  much 
windy  weather,  with  hot  fun  and  cold  winds,  that  bees  which 
were  forward  the  beginning  of  May,  and  fome  few  fwarms  fo 
early,  feemed  backwarder  again  at  the  end  of  the  month.  The 
grafs  was  every  where  (hort,  and  began  to  burn  ; but  a fine 
rain  at  the  end  of  May  drengthened  the  grain  very  much,  and 
made  the  grafs  grow  in  fome  degree  ; but  it  foon  began  to  burn 
again  in  a dry  June,  with  almod  condant  north  and  north-ead 
winds,  fo  that  the  padure  was  (hort,  and  very  little  hay. 

The  end  of  June,  and  two-thirds  of  July,  were  very  frequent 
fliowers  and  wind.  There  were  in  fome  parts  of  England  very 
heavy  thunder-dorms,  and  more  rain  than  they  wi(hed  for  in 
hay  time.  The  (bowers  were  light  here ; they  made  the  grain 
ear  well,  peafe  and  bean^fet  thick,  and  brought  the  turnips 
pad  the  fly.  The  grafs  aHb  grew  in  fome  degree,  but  burnt 
again  before  July  was  out,  and  more  in  Augud,  of  which  the 
firft:  ten  days  were  dry  ; but  the  (bowery  latter  part  made  the 
grafs  grow  confiderably,  which  was  much  wanted,  and  did  not 
much  hinder  the  harved,  which  was  in  general  well  got,  and 
was  good.  The  autumn  was  very  fine,  and  fo  much  rain  in 
one  month,  efpecially  the  third  week  in  September,  that  there 

c was 


*«4  Mr.  Barker’s  meteorological  Journal. 

was  more  grafs  after  that  than  there  had  been  any  part  of  the 
fummer  before,  though  not  luch  quantities  as  there  fometimes 
is  ; for,  take  the  year  throughout,  I think  I never  knew  lefs. 
But  that  was  not  the  cafe  in  all  parts  of  England  : I believe  it 
was  in  general  a dry  fummer  every  where;  but  in  fome  places 
there  was  a great  deal  of  grafs  at  times.  So  great  a fruit  year 
of  moft  forts,  garden,  orchard,  and  wild,  I think,  I hardly 
ever  knew.  After  the  firft  week  in  October  it  was  dry  again, 
and  fo  fine,  mild,  and  clear  of  frofts,  that  the  nafturtiums 
were  not  cut  off  till  after  the  middle  of  November ; and  the 
ground  and  roads  continued  dry  till  the  fnowat  Chriftmas,  and 
there  was  in  many  places  great  want  of  water  lo  late  in  the 
year,  Moft  part  of  the  laft  week  in  November,  and  the  firft 
third  part  of  December,  was  a gentle  froft ; but  then  it  fet 
in  very  fevere,  and,  except  an  imperfedt  thaw  the  24th  and 
2^th,  has  been  an  uncommonly  cold  and  hard  froft,  freezing 
over  many  of  the  rivers,  with  a confiderable  fnow  at  times, 
chiefly  the  26th  and  27th,  and  continued  to  the  end  of  the 
year,  and  beyond  it. 

• f • - . 

x ' • : . ■ . 4 | 

II'  ?i 

Account  of  a fnking-in  of  the  ground . 

In  a wet  feafon,  about  Chriftmas  1787,  a piece  of  appa- 
rently found  ground  on  the  north  fide  of  a moderate  hill,  a 
mile  and  half  fouth-weft  from  Ketton  in  Rutland,  funk  down 
into  the  earth,  leaving  a great  hollow.  The  ground  was 
fmooth  before,  and  a waggon  had  lately  gone  over  the  place. 
There  was  nobody  by  when  it  fell  in  ; but  a labourer  going 
home  from  his  work  was  the  firft  perfon  who  found  it. 

It  was  fome  time  after  the  accident  before  I heard  of  it,  and 

it 
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it  was  in  fpring  time  that  i went  to  fee  it.  I then  found  it 
to  be  an  oval  hole,  five  yards  over  one  way,  and  four  another, 
and  about  four  yards  deep  in  the  middle ; but  fome  of  the. 
earth  having  lodged  againft  the  fides  of  the  pit,  it  was  not  fo 
deep  there;  yet  the  oval  muft  upon  the  whole  have  funk  down 
about  three  yards,  and  gone  diredlly  downward,  for  the  fides  of 
the  pit  are  left  perpendicular.  I found  a little  water  at  the 
bottom  of  the  pit,  and  was  told  there  had  been  a great  deal 
more  at  firft.  The  bottom  half  of  the  pit  is  a blue  clay,  and 
from  a foot  to  a yard  thick  at  the  top  is  a ftiff  earth  mixed 
with  ftones.  There  were  plain  figns  that  a drain  from  the 
ground  above  had  in  wet  times  run  down  near  where  the  pit 
now  is ; fome  of  it  probably  ran  into  and  under  the  ground, 
and  had,  in  a courfe  of  time,  undermined  it ; and  that  feems 
to  have  been  the  reafon  that  the  pit  funk  in  as  it  has  done. 

A man  of  Ketton,  who  has  freeftone  pits  in  the  fame  lord- 
fhlp,  but  on  the  oppofite  fide  of  the  town,  fays,  he  fometimes 
meets  with  beds  of  clay  in  his  pits,  which  are  undermined, 
and  have  hollows  in  them.  And  to  the  northward  of  thefe 
ftone  pits  there  are  many  hollows,  which  they  call  the  Swal- 
low-pits ; becaufe,  being  hollow  underneath,  no  water  will  lie 
in  them,  but  runs  through  holes  into  the  ground.  Thefe 
fwallow-pits  I know,  and  they  feem  to  be  clay  at  top  ; and  he 
fays,  they  do  not  appear  to  have  been  ever  dug  by  men,  but 
that  the  fur  face  of  the  ground  has  funk  down  into  the  hollow 
there  was  beneath  it. 
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CVII.  On  the  Method  of  correfpondent  Values , &c.  By  Edward 
Waring,,  M,  D.  F.  R.  6\  and  Lucafian  Profejfor  of  the  Ma. - 
them  a tics  at  Cambridge.. 


Read  May  28,  1789. 


1. 


I-..  TN  the  year  1762  I publifhed  a method  of  finding  when 
-L  two  roots  of  a given  equation  xn  —px”"1  -f  qxn~~z  — ra"“-3  4. 
o are  equal,  by  finding  the  common  divifors  of  the  two 

and 


quantities  an  —par‘~~l  + qan~z  — &c., 


na 


n — I 


-n—  ipan~z  4- 


72  — 2 qan  3 — &c.,  and  obferved  if  they  admitted  only  one  Ample 
divifor  (a  — A),  then  two  roots  were  only  equal ; if  a quadratic 
(<32  — Atf-fB),  then  two  roots  of  the  equation  became  twice 
equal;  if  a cubic  (V  — Arr  4-  — C),  then  two  roots  became 

thrice  equal ; and  (o  on  : or,  to  exprefs  in  more  general  terms 
what  follows  from  the  fame  principles,  if  the  common  divifor 
be  a — br  x a — cs  x a — d(  x &c.,  then  r+i  roots  of  the  given 
equation  will  be  h9  .*4-  1 roots  will  be  c,  /+  1 will  be  d9  &c.  ; 
and  it  immediately  follows,  from  the  principles  delivered  in 
the  fecond  edition  of  the  fame  Book,  publifhed  in  1 770,  that 
to  find  when  r+i,  v + i9  / 4-  1 , &c.  roots  are  refpe&ively  equal 
requires  r + s + t9  &c.  equations  of  condition,  which  are  dedu- 
cible  from  the  well  known  method  of  finding  the  common 
divifors  of  two  quantities  in  this  cafe  of  an  — pa”-1  + qa”~~z  - &c., 

na*"1  — n - \pan~z  4-/2  — 2qan~~*  — &c,  of  the  terms  of  their 
remainders,  &c. 

In 


Dr.  Waring  on  the  Method , Sec.  i6j 

In  the  book  above  mentioned  the  equations  of  condition  are 
given,  which  difeover  when  two  roots  are  equal  in  the  equations 
a?3  - pxz  + qx  -r*=  o,  X'  + qxz  — rx  + s = o,  xs  qx * — rxz  -\~sx-~t 
= o,  in  the  two  latter  equations  the  fecond  term  is  wanting, 
which  may  eafily  be  exterminated  ; but  it  may  as  eafily  be 
redored  by  fubdituting  for  q,  r , s,  &c.  in  the  equation  of 
condition  found  the  quantities  refulting  from  the  common 
transformation  of  equations  to  dedroy  the  fecond  term. 

2.  Another  rule  contained  in  the  fame  Book  is  the  fubditu- 
tion  of  the  roots  of  the  equation  nan"1  -n—  ipa 4-  n — 2 qan~w* 
— &c.  — o refpedtively  for  a in  the  quantity  an  — pan—1  + qan~~l  — 
&c.,  and  multiplication  of  all  the  quantities  refulting  into  each 
other;  their  content  will  give  the  equation  of  condition,  when 
two  roots  are  equal. 

Mr.  Hudde  fird  difeovered,  that  if  the  fucceffive  terms  of 
the  given  equation  are  multiplied  into  an  arithmetical  feries, 
the  refulting  equation  will  contain  one  of  any  two  equal  roots, 

and  m of  the  7/24-  1 equal  roots  in  the  given  equation. 

3-  If  4>  5.  - .r  roots  of  the  equation  are  equal,  find 
a common  divifor  of  3,  4,  5,  . . r of  the  fubfequent  quantities 
a11  — pan~x  4-  qan~~*  — &c.,  nan~~x  — n — 1 pan~~x  4-  n — 2 qanr~*  — &c., 
n . iaTt'~z  — n — 1 . n — 2pan~~>  4-72  — 2 . n — — n — 4 . 

n — \ran~"$  4-  &c.,  n 1 . 72  — 2 — n— i.n—2.7i  — q>i pa 

4-72-2  . 72  — 3 . n — &qan~~s  — &c.,  . — l . n — 2.. 

72  — r 4-  — 1 .72  — 2 . . 72  ~ r 4.  \pan~~r  4 &c. ; which 

will  probably  be  belt  done  by  dividing  all  the  preceding 
quantities  by  the  quantity  of  the  lead  dimenfion  of  77,  and  the 
divifor  and  all  the  remainders  by  that  quantity  which  has  the 
lead  dimenfions  amongd  them  ; and  fo  on  : there  will  refult 
2,  3>  equations  of  condition  ; and  in  this  cafe  , it  is 

D d 2 obferved, 
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obferved,  in  the  before-mentioned  Book,  that  (if  the  common 
divifor  be  {a  - A))  it  will  once  only  admit  of  5,  4,  c,  . . r equal 
roots  ; if  it  be  a quadratic,  then  it  will  twice  admit  of  thole 
equal  roots  ; and  fo  on. 

4.  If  the  roots  of  the  equation  of  the  leaf!  dimenfions  be 
fubftituted  for  a in  the  remaining  equations,  and  each  of  the 
refulting  values  of  the  fame  equation  be  multiplied  into  each 
other,  there  will  refult  the  r ~ 1 equations  of  condition  : and: 
the  fame  may  be  deduced  alfo  from  the  feveral  equations  con- 
jointly. 

The  equations  of  conditions  found  by  the  firft  method,  if 
the  divifions  were  not  properly  inflituted,  may  admit  of  more 
rational  divifors  than  neceflary,  of  which  tome  are  the  equations 
of  conditions  required, 

, ' 2. 

1.  In  the  year  1776,  I publifhed  in  the  Meditationes  Ana- 
lyticae  a new  method  of  differences  for  the  refolution  of  the 
following  problem. 

Given  the  fums  of  a fwiftly  converging  feries  ax  + bxz  + cx3 
-p  dx4  -f  &c.,  when  the  values  of  x are  refpedtively  tt,  p,  g , &c.  > 
to  find  the  fum  of  the  feries  when  x is  t,  that  is,  given 
S7Z"  ~ a 7?  -p  ^7r  m\m-C'7r  -p  dor4  -p  ecc,  Sp  ==  -}-  bp  cp  -f-  &c. , So*  ~ 

acr  + bed  -p  cor 3 -p  &c.  &c.- ; to  find  St  = ar  -P  bd  -p  cd  -P  &c. 

To  refolve  this  problem  I multiplied  the  quantities,  S7r,  Sp, 
S a-,  &c.  refpedively  into  unknown  coefficients  oc9  @9  y , &c. 
and  there  refulted 


i6p 
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an tCi  A?  ccn2 h end C 4-  &C. 

’•  (3 pa  -f-  (3 pzb  -f*  [3  p c -f*  &c* 

yaCl^r  y<r~b  + ycr^C  4~  &C® 

&c.  &c.  &c.  ~ 

and  then  made  the  fnm  of  each  of  the  terms  refpedtively  equal 
to  its  correfpondent  term  of  the  quantity  r^+fi  + fV-f  &c,, 
and  confequently  an  + /3p  + ycr -j-  &c.  = r,  an'  '-P/3p2  -t-y<r2  4-&Co 
— r%  an  + (3p  + ycr3  + &c.  ~ t3,  &c.  1 a flu  me  d as  many  equa^ 
tions  of  this  kind  as  there  were  given  values  7 r,  p,  cr,  &c.  of  % $ 
and  confequently  as  many  equations  resulted  as  unknown 
quantities  a,  (2*  y , &c. ; whence,  by  the  common  re  foliation  of 
Ample  equations,  or  more  eafily  from  differences,  can  be  found 
the  unknown  quantities  (3,  y , &c.,  and  thence  the  equation 

fought  a x Sn  4-/3  x Sp  4-  y x So-  4-  &c.  ~'Sr  nearly, 

3.  In  the  Meditationes  are  aflumed  for  n}  g,  <r,  &c,  the 

quantities  p , 2 p,  3 p,  4 p,  . . . » - 2pr  n — ip , and  np  for  t ; 
which,  if  fubftituted  for  their  values  in  the  preceding  equa- 
tions, will  give  a + 2/G  + 37  + 4<?  + &c.  = n,  a + 4/2  + p>+  16S4-] 
&c.  — /f , #4-8/34-  27^  4-  &c.  ~n3,  a 4-  1 6/3  4-  8 1 y 4-  &c.  ~ /f ; 
and  if  the  fums  of  the  feries  4-  bx%  + cx3  4* &c.  which  re- 

fpedtively  correfpond  to  the  values  p9  2 p,  3^,  . . . n — ip  of  x be 

Si,  S2,  S3,  S4,  . . . Sn  — 1,  and  the  fum  of  the  feries  ax  4-  bxz  -p  ! 
cx3  4-&c.  which  correfponds  to  » value  of  #beS/z;  then  will 

S n — nbn  - 1 —n  . - — bn  — 2 + n . . bn  — 3 . . . « Si 

2 2 2 u 

nearly,  which  equation  is  given  in  the  above-mentioned  Book* 
3.  The  logarithm  from  the  number,  the  arc  from  the  fine, 
&c.  are  found  by  feriefes  of  the  formula  ax  +-bxt  + cx3  4-  &c. ; 
and  confequently  this  equation  is  applicable  to  them* 

6 4,  In 
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4.  In  the  fame  Book  is  aflumed  a feries  ax'  + Z.v'+'  + cxr+1‘  + 
dxr+v  + &cc.  of  a more  general  formula  than  the  preceding, 
and  in  it  for  x fubftituted  <x,  (Z,  y,  $,  &c.,  m ; and  S«,  S/3,  S^, 
SS,  &c ; S#z  for  the  refulting  fums,  and  thence  deduced 


m X m — $ . in  — y *771  — 0 . &c. 
/x«5-i3!  . a* — y* » ^ 


X Saj-f 


111  X 771s — a*  . ffi  —y  .m — t • &c. 
/3r  x & — a5  . (3s  — ys  . Is  . &c. 


xS£-f 


x — a,*  • m 


@S  *771  — / . &C.  772r  x ms  ~ m*  — (3s . m — y X &c. 

- X Sy  + — — 1 


" x yJ  — u . ys  — $ * y — ^ • &c,  ^ X $s  — &*  . — /31  . d'J  — . &c, 

x SS+&C.  nearly. 

Cor.  If  for  r and  s be  affumed  refpe&ively  i,  the  feries  be- 
comes ax+bxz  + cx3  - f&c.  of  the  fame  formula  as  the  pre- 
ceding: if  r = o and  s=  1,  the  feries  becomes  a + bx  + cx*  + 
&c.  The  latter  cafe  will  be  the  fame  as  the  former,  when  one 
of  the  quantities  (a)  fubftituted  for  x and  its  correfpondent 
fum  S«,  both  become  = o,  and  the  equation  deduced  in  both 
cafes  the  fame. 


5.  If  7T,  p,  cr,  &c.  refpectively  denote  r,  r+p,  r + zp9  . . • 
r-\-n  — 2p,  r + n—ip , and  T~r  + np;  and  S,  Si,  S2,  S3,  . . . 

S/z—  2,  S«—  1,  be  the  fums  either  refulting  from  the  feries 
ax  4-  bxz  q-  cx 3 q-  &c.  or  the  feries  A + ax  + bx1  q-  cx 3 q-  &c.,  which 
refpe&ively  correfpond  to  the  values  r9  r+p,  r+2p , &c.  of 
x ; and  Stf  the  fum  of  the  fame  feries  which  correfponds  to  the 

value  r+np  of  x\  then  will  Sn=zn§n—‘i  - n *n-^-Sn  - 

— . _ bn  - 2 - ...  ±n  * 02=  nbi^zb  nearly  ; this 

23.  2 ^ ' 

equation  differs  from  the  preceding  by  the  laft  term  S not  va- 
niftung ; in  the  preceding  cafe  S became  = o,  for  it  was  the 
fum  of  the  feries  ax  + bxz  + cx3  q-  &cv  which  correfponded  to 


Q* 


6.  From 
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6.  From  the  Meditationes  it  appears,  that  — n X r-±zp*  + 

n . rz±z  zp  - n . . r^3p  +&c.  to  the  end  of  the 

2 2 3 ~ 

fei  'ies  = o,  if  m is  lefs  than  n9  and  m and  n are  whole  num- 
bers ; but  if  m~n,  then  it  will « r . 2 . 3 . 4 . . . « — i %npm\ 
whence  it  is  manifeft,  that  for  the  « firft  terms  of  the  feries 
A + ax  + bxz  4-&cc.  the  equations  are  true;  and  for  the  n - 1 
firft  terms  of  the  feries  ax  + bx1  -f  cx 3 + &c.  and  in  the  fucceffive 
term  of  both  the  feriefes  they  will  err  by  a quantity  nearly 
= — 1 . 2.  3 ..  n x pn  x r~n  x co-efficient  of  the  term  ; and  the 
errors  of  every  fubfequent  term  (jv4+»)  will  be  nearly  as 

—m  . * . • * . * — ; x pn  x r—n  x co-efficient  of 

2 3 4 £ 1 

the  term  **+”,  if  for  r,  r 4- p,  r-\-2p,  &c.  be  fubftituted  i, 
i + — , i + 2-,  See.. 

r r 

j.  Let  the  preceding  equation  S n = — i - » S«  — 2 


-p  Tl  • 


72 — I 77  — 2 


. S/z  — 3 — &c.  ~ n x log,  r—p—n  . 


72  — 1 

2 


log.  r — zp  n 


n — 1 ??  — 2 


log,  r — 3 p + &c.  =: 


r xr--,/ xr-_y  = log,  K,  where  s,  s',  s",  &c.  de- 

r — p‘ ~ r — Sp*  xr — 5/  X &c„ 

note  the  co-efficients  of  the  alternate  terms  of  the  binomial 

, • n—  I / w—  1 72  — 2 72  — q 0 1 

theorem,  w#-  s~n  e - — , s =n  . — . . — 2 and 

2 2 3 4 

/ = «,  t'  ~n  . 2^  • 2Z_3  &c.  the  co-efficients  of  the  remain- 

2 3 


1 1 ■ — ■ j 1 s 

ing  alternate  terms ; the  numerator  r x r — 2p  x r — ^p  x 


r — 6p  x &c.  = (if  N = 2”“x)  rN  — P^rN— 1 4-  Q^VN-"'2  — Ry>VN— 3 
. . . L^*”1  x ; and  the  denominator 

r ~p*  xr  - ^p1  x r - 5/  x &c.  = rN  — Ppr**”1  + Q/>VN~2  — 
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1 7* 

R/r*-r+  . . . L/M-* IrN'~«+I(=i=:M+  i .2.3..  0-  1)  ^yN-*=p 
&c.,  whence  the  numerator  and  denominator  have  the  0 firft 
terms  the  fame,  and  the  next  fucceeding  terms  differ  by 

1 . 2 . 3 . . n — 1 . the  numerator  divided  by  the  denomi- 

nator = 1 ± 1 , • 2 * 3 j ~ _I  pn  near}y5  if  r be  a great  number  in 

proportion  to  p9  &c.  it  would  be  + when  0 is  an  odd  number, 
and  — when  even. 

8.  The  logarithm  of  the  fraction  K by  the  common  feries 

= K — 1 — — — - &c.  has  for  its  firft  term  — =±= 

2 3 

nearly;  for  its  fecond  term  the  fquare  of 

rn 

the  firft  divided  by  2,  &c. 

9.  The  error  of  this  equation  not  only  depends  on  the  loga- 
rithm of  K,  which  may  be  calculated  to  any  degree  of  exact - 
nefs,  bu£  in  the  calculus  on  the  errors  of  the  given  loga- 
rithms. 

10.  If  r be  increafed  or  diminifhed  by  any  given  number, 
the  n firft  terms  of  the  numerator  and  denominator  will  ftill 
refult  the  fame,  and  the  next  fucceeding  terms  will  differ  by 

i . 2 . 3 . 4 . . 0 - 1 x pn  x rN'“'*. 

T . n — 1 t 1 A it — 1 n—  2 n—7 

11.  Let  n . numbers  be  2,  n . . . — - num- 

2 234 

bers  be  4,  n . . Lz?  . nJZ3  . n-ZA  # numbers  be  6,  &c.; 

their  fum,  the  fum  of  the  produdts  of  every  two,  the  con- 
tents of  every  three,  four,  five,  &c.  to  n — 1 of  them  will  be 
equal  to  the  fum,  the  fum  of  the  products  of  every  two,  of 

the  contents  of  every  three,  four,  five,  &c.  to  0 — 1 of  the 

following  numbers,  viz,  n numbers  which  are  1,  n . n—  . hzi: 

2 3 

numbers 

# ' 
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3,  n 


n — I 


n 


n-3  n — 4. 


lll 

, which  are 


numbers  which  are 

. a 3 4 5 

5,  & c. ; and  the  fum  of  the  contents  of  every  n of  the  former 

will  be  lefs  than  the  fum  of  the  contents  of  every  n latter 

numbers  by  1 . 2 * 3 . 4 . . n — 1. 

1 2.  The  method  given  in  Art.  4.  which  I name  a method  of 
correfpondent  values,  eafily  deduces  and  demonftrates  the  pre- 
ceding equations,  which  cannot,  without  much  difficulty,  be 
done  by  the  preceding  method  of  differences ; the  method  of 
correfpondent  values  is  much  preferable  to  the  method  of  dif- 
ferences, both  for  the  facility  of  its  deduction,  and  the  gene- 
rality of  its  refolution  : for  inftance,  from  this  method  very 
eafily  can  be  deduced,  &c.  the  fubfequent  and  other  fimilar 
equations. 

n — 1 


Ex.  i.  Sn=*nSn  — 1 
£*=#Siq=S  nearly. 


n . • — - S«  — - z 4-  # • 


S n 


Ex.  2.  S n + m=z 


m-{-  n • m4rn  — I . m-4-n  — 2.  . . m+  2 


X S 71 


n~  1 


m+i 


x A x 

I m 4-2. 


x Sn  — 2 + 


72’ 


• 3 • • *-1 
lxBxm+2 


2 m + 3 

m4-  4 


S/z  — 3 


3 


X ! 


xS«-  44-  —i  x D x AZL5*  x S » — 5 - &c.  nearly,  where  the 
^4-4  4 ^ + 5 

letters  A,  B,  C,  D,  &c.  denote  the  preceding  co-efficients,  and 
the  converging  feries  is  the  fame  as  in  the  preceding  example. 
Ex*  3.  Let  the  converging  feries  be  of  the  formula  ax  + i>x* 

cx 5 4 -dx1  4-  &c. ; then  will  Sn  ==  zn  - 2 Sn  — 1 — zn  — 1 x ! 

2»— 4-r« ■ . 2n-*-2  2 # — 6 o " ' ‘ ‘ 2K—2 


Sn  — 2 4-  2« 


2 w—  2 

I x X 


S/Z  — 3 — 2»  — I 


2n  ^ x n - 44-&C.  nearly,  of  which  the  general  term  is 


2/2  — i 


4 

2n  — 2 


2n~3  . . x ilzl7  x S^7. 


2 3 
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Ex.  4.  Let  the  feries  be  of  the  formula  A + ax1  -f-  ixA  + ex'  + 

&c. ; then  will  Sn  = n~1  “ ~~  ~ T ~ r 2*~”  + 

h—  2 


— x zri  — 2 b«  — I x 2^  — I . 

».  n 


in — 2 in  — 60 


s«  - 3 - 


«-4 


X 2U  — i . 


n 


x S«  — 2 + - — - x zn  — 1 . 

« 2 

2LH^  . ?”-ZJ  x — — - S;z  — 4 + &c.  nearly,  of  which  the  general 


term  is  - — 1 x zn  — 1 . 

n 


2 n — 2 in — 3 


1)1—1+  1 2/2  — 2/  c; , 

. . • . — X 7 X b/i  — /. 

3 3 * l 

Ex.  5.  Let  the  given  feries  be  of  the  formula  ax  4-  bx~  4-  cx3 

+ &c.,  and  in  it  for  x be  fubfhtuted  p,  - p,  2 p,  - 2 p,  ^p,  - $p9 
. . . , np , — np  and  mp,  and  for  the  fums  of  the  relulting  fe- 
riefes  be  wrote  relpetlively  S1,  S— *,  S2,  S-2,  S3,  S“ 3,  . . . S% 
and  S in  ; then  will  Sm  = 


m . rn  — 1 . m — 4 . m — q . m — 16  . . . m — //  — i • w — n * 


n . 22*  — I . n1  — 4 . nz  — 9 . nz  — 16  . . . n ' — n—  1 X2«  = i . 2 . 3 . 4 . . in 


x S~"  4-  A X 


” + »C4.,  2«  „ T>  „ m~n  g-a+i  _ Q y »+"-  1 


m—n 


S"-r  + 


2/2  — I 


x D x 


I 

m — n — 

- 1 

m + n—  I 


X 


m — n — I 


m + n — l 


X 


S_„+2  + *j^xES,_2_*-2  x. 


m — n — 2 


F x 


m — n — 2 


g n_|_3  __G  x 0 x S”  3 + &c.  nearly,  where 

m—n  — 3 

the  letters  A,  B,  C,  D,  &c.  refpedlively  denote  the  preceding 
co  efficients.  In  general,  the  co-efficients  of  the  terms 

and  S*—5  will  be  refpe&ively  M=  x L x ~n~s~tJ.  and 

s m+n—s 


M x 


m+n  — s 


m—  n—  s 


, where  the  letters  L and  M refpedtively  denote  their 


preceding  co-efficients  ; the  co-efficients  are  to  be  taken  affirma- 
tively, or  negatively,  according  as  s is  an  even  or  odd  number. 
Exe  6.  If  for  x in  the  preceding  feries  be  fubftituted  p,  -p9 

2 p9  - 2pf  - $p,  • * * n—  ip9  —n  - ip,  np  refpedtively,  then 

Sm 


f 
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___  __  17S 

g — m ' 1 * « ^2  — 9 . — 16  . t . {m2—(n  — i)2)  * 

i.2.3.4.5...(2«—  1)  ~~  x 

y 2” “I  x p>  x + ..  o„_T  . ^ m-~n~- 7 


1 


m — n — 1 


x S"-1  + C X 


OT-i-B  — 2 


S—>+2  4.  2 X D X 7”+”_J  X S"-2  - &c.  nearly,  when  A,  B,  C, 


77 L — « — 2 


&c.  denote  as  before  the  preceding  co-efficients.  The  coeffici- 
ents of  the  terms  and  S”-"1  will  be  refpeftively  L x 

- — - — — L and  x M x - , L and  M denoting  the  pre- 

ceding  co-efficients,  which  are  to  be  taken  negatively  or  affir- 
matively, as  s is  an  even  or  an  odd  number.  In  this  feries  when 
x = o,  the  correfpondent  fum  = o. 

Ex.  7.  Let  the  given  feries  be  of  the  formula  a + bx  + cxz  + 
dx3  + &c. ; and  in  it  for  x be  fubftituted  0 , p9  — p , 2 />,  — ip , %py 
— 3p  . . . np9  -pp  and  mp,  and  for  the  fums  of  the  refulting  fe~ 
riefes  be  wrote  as  before  S%  Sl,  S"~x,  S%  S"“%  . . . S%  S"“%  and 

m . mz  — 1 . w2  — 4 . T7/2'—  9 . . . (m2—  n~  i “)  X m — n 


Sm ; then  will  S/72  = 


n . r?  — 1 . 71  — 4 . r2  — 9 . . . {nS  — n ~i‘)X2B 


X S“a  + Ax  — — x S+"  - — x B x -7 — — S“K+X  - &c.  this  feries 

I m-\-n  — I 


m — n 


obferves  the  fame  law  as  the  feries  given  in  Ex.  5.  and  only 
differs  from  it  by  the  laft:  term  So  not  vanifhing,  that  is, 
being  = o. 

Ex.  8.  Let  the  feries  be  of  the  preceding  formula  a + bx  + 

cx‘ll+dx3  + &c.,  and  in  it  for  x be  fubftituted  o;  p9  -p;  2 p9 

- - - 

— 2 p ; 3/),  — 2)p  > • • • « — * p9  -n—ip,  np,  and  mp , and  the 
fums  refulting  be  So,  Si,  S~~T , S%  S~2, . . S”^1,  S”  and  Sm  ; 


m—n 


y • 11  o m . m — 1 • m ~~  4 • „ m — (n  — I ) c„  * 

then  will  S/72  ~ — v -S"—  A x * x 

I . 2 . 3 . 4 . . • 2*  — I ?n  n l 

— &c.  the  fame  feries  as  in  Ex.  6,  and  differs  from  it  onlv 

•J 

by  the  laft  term  So  not  vanifhing. 
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Ex.  9.  Let  the  feries  be  of  the  fame  formula  a + 6x  + cx*  + dx  -f* 
&c.  and  in  it  for  x be  fubftituted  p,  -p,  $p,  - 3^,  5^,  - 5/,  yp> 
— jp, . . . . np , — ^ and  ^ ; and  the  fums  refulting  be  Sr,  S“r,  S3, 
S-*^  S$,  S -5,  S7,  S~7,  . . . . S%  S~”,  and  Sw ; then  will 

1 2 

— I . nz — 9 . w* 2—  25  . w2  — 49  . . . * nz  — n — 2 X m + n 

nz~  i . rf  — 9 . w2  — 25  . «2  — 49  ....  «2  — »~22  x 2n~2*  Xi.2.3.4  • 5 ••  n 


xS’-Ax  212*  x S-”  — - x B x -CT  + ” - x S*-»  + C x — 2±?  x 

W + » I w — « -j“  2 ;«  -f  — 2 

S~”+*  + *.Tl  X D X X S”-4  -Ex  2Zl±i  s-”+4  - — 2F 

2 w — «+4  m + n — 4 3 

[x  m+a.-4  S-t  + ^ X G X S-+(  + -3  X H X X 

m — n + o m + n — 6 4 th  — n + # 


S«— 8-&c.  nearly,  where  the  letters  A,  B,  C,  D,  E,  &c. 
denote  the  preceding  co-efficients  of  the  terms  S*,  S""7*,  S”"~2, 
S~ *+%  S’2-4,  S"~”+4,  S”~~6,  &c.  refpedtively.  The  co-efficients 


of  the  terms  S2W~‘2f  and  S^^25  will  be  M = - — Ltd.  x L x 

s 

m + n—2s  + 2 an ^ N-M  x m~n+21 ; where  L,  M,  and  N denote 

m — n + 2s  m + n— 25 

the  co-efficients  of  the  terms  immediately  preceding  each  other, 
that  is,  of  the  terms  S -»+**— '-^  S'7-"2',  and  S“"”+21.  The  fign 
of  the  firft  co-efficient  M will  be  -f  or  — , according  as  s is 
even  or  odd  ; the  fecond  term  N will  have  a contrary  fign  to 
the  firft. 

Thefe  feries  may  be  made  to  begin  from  any  term,  which 
may  be  eafily  found  by  the  method  of  correfpondent  values, 
and  the  fubfequent  terms  from  it  by  the  given  law  ; its  pre- 
ceding terms  may  be  deduced  from  the  fame  law  reverfed,  that 
is,  by  putting  the  numerators  of  the  fractions  multiplied  into 
it  for  the  denominators,  and  the  denominators  for  the  nume- 
rators. 


2 


From 
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From  thefe  different  feriefes  may  be  formed,  by  adding  two  or 
more  terms  of  the  given  feries  together  for  a term  of  the  re- 
quired feries;  which  method  has  been  applied  to  converging 
feries  in  general  in  the  Meditationes. 

13.  The  method  of  correfpondent  values  eafily  affords  a refo- 
lution  of  the  problems  contained  in  Mr.  Brigg’s  or  Sir  Isaac 
Newton’s  method  of  differences. 

Ex.  1.  .Let  the  quantity  be  of  the  formula  a 4 bx  4*  cxz  -f  dx3 
+ &c. . . xn~y,  and  n + 1 correfpondent  values  of  x and  y be 
given,  viz.  p9  y,  r,  s , See . of  x ; S/,  Sj',  Sr,  S s9  Sec.  of  y ; then 

...  x — q.x — r . x — s . Se  c.  . x — p.x  — r.x  — s.  See.  0 

VVllljym^^ ■= -= — X =.-=rr=~-  — X Sc[  -f 


p—q  . p — r . p — s . Sec. 


q—p  . q — r . q — s . Sec. 
. Sec. 


x — p . x — a . x —s  . .Sec.  0 . x-p.x  — q.x  — 

=r x or  + • — V— - 

T — p . r — q . r — s . Sic.  s — p . $ — q . i — r . &c. 


x Sj'-p&c. 


The  truth  of  this  problem  very  eafily  appears-  by  writing 
p,  qy  r,  s,  &c.  for  x in  the  given  feries. 

All  the  preceding  examples  may  be  applied  to  this  cafe,  by 
writing  x for  m in  the  given  feries ; hence  the  refolutions  of 
feveral  cafes  of  equi-diftant  ordinates  by  eafy  and  not  inelegant 
feriefes,  amongft  which  are  included  the  two  cafes  commonly 
given  on  this  fubje£t. 

14.  If  a quantity  be  required,  which  proceeds  according  to 
the  dimenfions  of  x9  reduce  the  above  given  value  of  y into  a 
quantity  proceeding  according  to  the  dimenfions  of  x9  and 


there  refultsjy  = 


s p 


p-i  ■ P 


+ 


+ 


Sr 


r—p 


r — s . Sec.  — C 


r . p — s . Sec.zz A q—p.q—r.q  — s.Se c.“ B 

+ -+.&C.) 


■P 


■9 


s — r . & c.  — D 


( 


Sp  x q + r + s+  Sec.  SqXp  + r + s +&c-  , $ r Xp  q + s'+Sec. 


A 


Hr 


B 


+ 


C 


S s xp  + q + r-{-&c. 
“ "D 


H-&c.)^^J  4 ( 


Sp  X qr  — j—  q s -J-  r s — }—  Sec. 

~~  A 


+ 
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Sq  X pr  +ps  +rj  -f&c.  Srx^+^+^  + &c.  S*  X-pq+pr  + qr + &c.  f ^ 

¥ --r  c + d + occ.J 


/Sp  X qrs-t-kc.  S qxprs-\~&c,  Srxpqs  + &tc.  Ss  Xpqr+&c. 
X ^ ~v  A * B ' C + D 


_i_ 


&C.)  #*“3  4-  &C. 

The  law  and  continuation  of  this  feries  is  evident  to  any 
one  verfant  in  thefe  matters  from  infpeftion. 

Thefe  fradions  may  be  reduced  to  a common  denominator  by 
fubftituting  for  Sp  and  A the  products  Sp  x P and  AxP,  where 
P zzq  ~r  . q — s . r — s . &c. ; for  Sq  and  B the  produfts  Sq  x Q 
and  BxQ,  where  Q^==  p — r . p — s . r — s . &c. ; for  Sr  and  G 
the  produfts  Sr  x R and  CxR,  where  R ~p  — q . p — s . q — s . 
&c. ; for  S s and  D the  produdls  Sr  x S/  and  C x S',  where  S'  — 


p — q . p — r . q — r . &c.  &c. 

The  fractions,  in  particular  cafes,  will  often  be  reducible  to 
lower  terms. 

\ 

15.  Let  y~axb  + hxb+l  + cxh+z!+ &cc.9  and  the  correfpon- 
dent  values  of  x and  y be  given  as  before,  then  will  y = 


Xh  X x‘—  q X X — r X x —s  X &C. 
pb  Xpl  — q X pl  — r X p'—s  X &c. 

rb  xrl —pl  XfL — q ~rl—s  X &c. 

Sr  -p  &e. 


x 


S/>  + 


<&  / J 1 l l l o 

^ Xa  — p X x — r xx  — s X &c. 


b i .11  l l i „ 

q X q —p  Xq—r—q—sX  &c. 
h 


x Sq 


1 


1 


xh  x xl  plxxi^-qtxx-  s*  X &cc.  x x .*•  — x — q X x — r x &c. 

Sr+77^-r7x7l7+&,x 


This  feries  may  in  the  fame  manner  as  the  preceding  be 
reduced  to  terms,  proceeding  according  to  the  dimenfions  of 
* ; and  the  feriefes  given  in  the  examples  may  ( mutatis  mutan- 
dis J be  predicated  of  it. 

16.  A more  general  method  of  correfpondent  values  is  given 


in  the  Meditationes,  as  alio  the 


fubfequentjy 


a — q x — . x — s . &c. 

p — q .p  — r *p  — s . &c. 


X 


Method  of  correfpondent  Values , &c. 


x ?H 


sc  — p . x — r . x — s . & 


— x 4- 


X- 


■p  . at — q . — j . &c. 


x Sr  4- 


q — p , q — r . q — s . &c.  x ’ r~p  . r — q . r *-s  , &c. 

&c.  as  in  Ex.  i.  = Sp  + (x—f)  X + -2_  x %)  + (*  ~p) 

1 x — i_  x Sr)  + 


r \ f 1 1 

(*“?)  ( ■ x x 


P—1  t~r 


Sfr  + O—  x - 

J q-p  H- 


(*-P)  (*“9')(*-r)  (jz 


x Sj'Hh 

I 


p-q  p 


p — s 


r — p 

x Sj  t>  + 


r — q 

1 


q P q~r  q—s 


x Sq  4-  — . x Sr  + -i—  . — . — x Si)  - &c. 

1 1 r—p  r — q r — s $ ~p  s — q s — r ' 

The  equality  of  thefe  two  different  quantities  will  eafily 
appear  by  finding  the  co-efficients  of  both,  which  are  multi- 
plied into  the  fame  given  value  of  y as  S^,  S^,  Sr,  &c.  and  the 
fame  power  of  x ; for  with  very  little  difficulty  they  will  in 
general  be  found  equal. 

It  is  evident  from  this  refolution  that,  giving  the  ordinates 
and  their  relpedlive  diffances  from  each  other,  the  value  of 
any  other  ordinate  at  a given  diffance  from  the  preceding, 
found  by  this  method,  will  refult  the  fame,  whatever  may  be 
the  point  affumed  from  which  the  abfeifs  is  made  to  begin. 


3* 

i.  Let  a feries  be  A#  + Bxz  4- (V  + Dv*  + &c.  of  fuch  a for- 
mula that  if  in  it  for  x be  fubflituted  a + b,  there  refults  a feries 

A x<;/4"^d“-Bx^?  4“  b 4“  L x a 4~  b 4-  D x a 4~  b 4~  &c.  — (^Aa  4~ 
Baz-}-Ca3  4-  Da4  4s*  &c.)  x (i  -j-qb  + rbz-\-sb3  + tb4  4-  &c.)  + 
(14-^4-  ra  + sa 3 + ia 4 4-  &c.)  x ( Ab  4-  Bbz  4-  Cb 3 4-  D b4  4-  &c.) 
then  will  the  feries  Ax  4-  Bxz  4-  Cx3  4-  Da;4  4-  &c.  = Ax  + 

2B  2 2 . qC  3 , 24ABC  — 8K3  4 , a6C2A2  + 24ACB2~i6B4  5 , 

% 4-  - - ' 4~  ~ — 4"  ~ x 4~ 

1.2  I.2.3  I.2.3. 4 A I .2.3.4. 5A3 

3. 24A2BC2~4X24AB^C  e 216C3  A3  + 432A2B2C2-  384ACB44  64B6  y 

1 . 2 . 3 . 4 • 5 . 6A4  x % ~ 2 . 3 . 4 • 5 • 6 . yAs  ^ 


4-  &c. ; 
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to 


; and  the  feries  i 4-  qx  + + sx3  + + &c=r  i -f-  - #4- 

■>  1 A 

6CA— 2B*  , , 18CAB-8B3  3 26C2A2-8B+  . 

X -f- — . — TT7-x3  + ■*— : — - — ~ x*  + 


1 . 2 A" 


1.2. 3A3 


1.2.3. 4A4 


i8oC2A2B-i2oACB3+i6Bs  s 2i6C3A34-2i6AaC2B2- 288ACB44-64B< 


Af  + 


1 . 2 . 3 . 4 . 5 . 6A6 


.V 


i • 2 • 3 • 4 * 5^ 5 

•+  &C. 

The  terms  of  thefe  two  feriefes  can  eafily  be  deduced  by  the 
fubfequent  method.  Let  K#”- 2 4- L”“*  4- Ma;%  be  fuccefiive 
terms  of  the  feries  Ax4-Bat  4-Gv34-&c.,  and  KV^  + LV-1 
fuccefiive  terms  of  the  feries  1 -f  qx  + rx 2 + sx*  4-  tx*  + &c. ; then 

will  M = = — — and  L = . 

n . n—  I x A A 

Cor . 1 . Let  B = o,  and  the  two  feriefes  Ax  4-  Bx*  4-  Cx 3 4-  Da:4  4- 
&c.  and  1 -j-  qx  + rxz  -j-  &c.  become  refpe&ively  Ax  4-  Cx3  4- 

— -.J  — x -*’  + ‘ ‘ ~ - 

2 . 3 . 4 . 5 A 


23  . 53  C3  7 

■J v V J.  - — . 

2. 3. 4. 5. 6. 7 A2  3. 4. 5. 6. 7. 8. 9 


X ^3  x9  4-  &c.,  and  i 


2 C 2 

“ X X +- 
2 A I 


z z 

o * o 


r>z 


- Xr.,f+ 
4 A' 


2 3 . 33 


—7  X — 4-  &c. 

. 2 . 3 . 4 . 5 . 0 A3 


If  in  thefe  feriefes  for  A be  fubftituted  1,  and  for  C be  fub 

ftituted  - — - , there  will  refult  the  feriefes  x - — + 
2.3’  2 . 3 J 

.rS 


2 • 3 • 4 • 5 


— &c.,  and  1 • — 1 


A- 


- &c.  which  give  the 


1.21.2.3 

fine  and  cofine  in  terms  of  the  arc  a1. 

Cor . 2.  Let  C = o,  and  the  above-mentioned  feries. A#  4-  Ba2 4- 


&c.  becomes  Ax-\ Bxz  — 


1 . 2 


2-3*4 


B3  4 

*A2* 


I .2. 3. 4. 5 


X 


B4  5 , 26 

■ — x * 4 — _ 

A3  1 . 2 . 3 . 4 . 5 . 6 . 7 A3 


B&  7 
x — x x 4“ 


B? 


x 


1, 2. 3. 4.. .8  A6 


■X  # 


2*3*4 


10 


B9  10 

X 7T*  ~ 

A8  ■ 


, 10 


B 


xo 


S . 2 . 3 


X Tqf1  4- &c.  The  law  of 

. . 11  Ay 

this 


Method  of  correfpondent  Values,  &c.  i b i 

this  feries  is,  firft,  that  every  third  term  vanifhes ; and,  fe- 
condly,  the  figns  of  every  two  fucceffive  terms  change  alter- 
nately from  4-  to  - and  — to  + ; and,  laftly,  the  co-efficient 

; and  the  feries  i 4-  qx  -f  rxT 

23B3  7 23B4 


of  the  term  is 


n — t 


X 


4-  &c.  becomes  i 4-  - x — 

24B5 


n pj1 — 2- 

2B* 


+ 


I • 2 • 3 

B 

- x — 

A i . 2A2 


X1- 


-zX  + 


I . 2 . 3 A3 


■x  + 


X 


1.2.2. 4A.4 


i . 2 . 3 . 4 . 5A5"  ‘ i . 2 . 3 . 4 . 5 . 6A6  ‘1.2.3..  7A' 

&c.  In  this  feries  the  figns  of  three  fucceffive  terms  alter- 
nately change  from  4-  to  — and  — to  + ; and  the  co-efficient 

ft  T>n  B — I . r >« 

- , • 2 X B _ 2 X B j. 

of  the  term  x”  is — — or according  as  n is 


I • 2 • 2 . . nA ! 


I .2.3.  »A” 

divifible  by  3 or  not. 

2.  Let  a fenes  1 4~  P^  4~ Qx  4"R^4~Sx44^T^4~&c»  be  of 
fuch  a formula,  that  if  in  it  for  x be  fubftituted  a + 6,  there 

refults  a feries  i4-Px^4-^4-Qx^  + ^ 4Rx^f/53  + Sx^4^ 
4-&c.rr(r4-P^4- Qf  4-  R^3  + S04 -f  - &c. ) x ( 1 +P b-\- Qbz - J-R3: 5 
-f-S^4+&c.) -^(A^-f-B^+C^-f-D^+^c.)  x (A£+B£2  + C£s 
-j-D^4+&c*)>  then  will  the  feries  Ax4-B#2-b^3  + D;r4--f- 
&c.=  + -+Ax^|^)x5-1  2B3—  2PAb*+a2x 


6 A2 


— ^4-f  &c.,  and  the  feries  I +P^+Q^2^R^3-|-&c.  sz  1 4- 

a:4  -f-  &c.  Let 


■P  , A2  + P2  * . aAB  -f  P xA2+P2  3 , 4B2  + A2, 4-  P 
irx  4-  x ffi- — z" x ■¥ 


6 ‘*  24 

¥Lxn^2  -f- Lxn-~I Ma?” be  fucceffive  terms  of  the  feries  Ax-\-Bxz  4- 
Cx3-{-&c.,  and  ¥dxn—z  4-L/^'J"”I-f-M/x”  fucceffive  terms  of  the 
feries  i -hP^+Q^z+R^3  + ^c*  5 then  will  A x L-f-P  X L7  = # 

X M7  and  B x K+Q  X K7  = n . x M7  exprefs  the  law  of  the 

feriefes. 
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(x 


Cor . Let  B =:o,  then  the  feries  D^‘=:A  x 

K**s+  <r+*’>'-s+—P+*v  x,  + &c.), 

* • 2 . 3*4*5  3. 4. 5. 6. 7 ' 


3 


and  the  feries  i = i + P^4 


P7  + A2 


*2  4 


(P*4-A2)2  x,  , p (P*  + AT  , (Fa  + A*)3 

i. 2*2*4  x»2»3*.*5  i • 2 • 3 * • 


X 


■jr\  P2  -f  A2 

Px * -M  ~ ~ .v  , , 

1.2.3  1 . 2 . 3 . 4 ‘ 1. 2. 3. ..5  '1.2.3. .6 

n 

4&c. ; the  co-efficient  of  the  term  will  be  (P'  + A2)^  or  P 

n—  1 

jx  (P2  + A2)  * , according  as  n is  even  or  odd. 

If  in  the  equations  before  given  for  a be  fubflituted  a = b 
inftead  of  n-\-  b9  then  in  the  other  quantities  for  b fubflitute 

— b. 

3.  If  in  Cafe  2.  the  difference  between  the  two  quantities 
(1  4-  P^  + Q^2  +'&c.)  x (1  +P^-f  Q^2+&c.)  and  (Atf+Btf2q-Of 

4-&c.)  x (A£q-Bff  4-C^2  4- &c.)  isaffumed  — r 4-P  x a + b + Qx 
a + b 4-&c.,  then  in  the  feriefes  before  given  for  A,  B,  C,  &c* 

write  refpe&ively  s/  — lA,  s/  — iB,  \/  — iC,  &c.,  and  there 
will  refult  the  correfponding  feriefes. 

The  fame  principles  may  be  applied  to  many  other  cafes. 

4,  Equations  of  thefe  formulas  may  be  ufeful,  when  the 
fums  of  the  feriefes  correfpondent  to  a value  ( a ) of  a1  are 
given,  and  the  fums  of  the  feries  correfpondent  to  a value 
{ a 4-  b')  of  x is  required,  b having  a fmall  ratio  to  a : for  inffance, 

let  the  given  feries  be  x — 4 — p &c. ; the 

equation  found  in  the  firft  cafe  is  a-\-b—('a  + h~  4 — — ^ 

^ 2.3  2 . 3 . 4 . 5 • 

&c.  = (a  — ~ — p — — — &c.)  X (1  — — — 4 &c.) 

v 2.3  2. 3. 4. 5 y v 1.2  x.2. 3. 4 y 

, f a1  d3*  O \ /7  ^ ^ c v 

HP  (1  — ~ — ~ 4*  7 r — — $ccA.  x f b — 4- 1 ™ &c. ) 5 

x.*,  1 .2.3.4  2.3  2. 3*4*5 

but 


* 
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but*-  — + 


a- 


z 4 

— &c.,  and  1 — a—  -j — — &c.  are 


2 • 3 2 • 3 • 4 • 5 1 . 22.  3*4 

the  fine  (j)  and  cofine  (c)  of  an  arc  ,2  of  a circle  whofe  radius 

is  1 ; and,  confequently,  if  the  fine  s and  cofine  c of  an  arc  a 

be  given,  the  fine  of  an  arc  (#  + £)  = s x (1  — — 4-—  — &c.)  4-! 

2 24 


c(b  — 


P 


+ 


&c .),  which  feries,  if  b be  very  fmall 


2 • 3 2 • 3 • 4 • 5 

in  proportion  to  a , converges  much  fafter  than  the  common 
feries  for  finding  the  fine  from  the  arc  : it  has  been  given  from 
different  principles  in  the  Meditationes,  and  is  aifo  eafily  dedu- 
cible  from  the  feries  for  finding  the  fine  and  cofine  from  the 
arc  by  the  propofiiions  ufually  given  in  plane  trigonometry : 

— &c.) 


o $4 

the  cofine  of  the  fame  arc  0 + J)=:CX(l-— — 

^ ® -4  2c  • 3 • 


^ x C*  -r-^+rmri  -&c-> 


Ex.  2.  Let  the  feries  be  a + b+  a~r  + — — - — • + £cc. 

2 * 3 • 4 • 5 


o o 
2 * D 


f P cfi  0 / bz  P o \ 1 

[a  4 f*  — + &c.  x ( 1 -f  — 4-  — 4-  &c.)  4- j 

2 * 3 • 4 • 5 v 1 . 2 1. 2. 3. 4 J l 

,4 


2 • 3 

a 


^+ih+rfri+&c0x(4^+-^  + &c.)i 


3 • 4 


3 • 4 


3*4*5 


but  a 4 4-  &c.)  = x9  and  1 4-  4-  - — ■ 4-  &c.  — 

1*2.3  J 1.2  1. 2. 3. 4 


y 


\/ 1 + xl9  if  a be  the  hyperbolic  log,  of  # 4-V^  1 + ^ » therefore 


a-^r-b 


a + b-\-  — p &c.  = x x ( 1 4-  ~~  + ;-g—  + &c0 

- • o 2 • 3 • 4*5  v 2 2 * 3 • 4 


I + x X (^4-  4-  &C' 

2 • 3 


Z4 


Let  ^4-  —.  4- 'f. 4-  &cs  r:  y,  and  (#4-\/ 14^  X 

2 • 3 • 4 * 5 


2 * 3 


(y  4-  v/  1 +/  ) = V,  then  will  a-{-b  4-  LlL 


a~\-b'  a-^rt) 


2 . 3 2 • 3 • 4 • s 


j”  SCCm 


iV-U* 


F f '3 


5.  Let 
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5.  Let  a quantity  P be  a function  of  x9  or  the  fluent  of  3 
function  of  x x x,  and  the  value  X of  it  when  x ^za  be  known, 
and  the  value  of  it  when  x = a-\-b  be  required.  Find  a feries 
of  which  the  firft  term  is  X,  and  which  proceeds  according  to 
the  dimenfions  of  bt  if  b be  a very  fmall  quantity,  and  in 
general  at  leaft  fo  fmall  that  the  feries  from  x = a to  x-ay-b 
neither  becomes  infinite  or  o. 

In  the  fame  manner,  if  an  algebraical  or  fluxional  equation 
or  equations,  expreffing  the  relations  between  x,y,  z9  v9  &c. 
be  given,  find  the  correfpondent  values  of  y,  z7  v,  &c.  to  x = a> 
which  let  be  Y,  Z,  V,  &c.;  then  find  feriefes  for  jy,  %,  v,  &c. 
of  which  the  firft  terms  let  be  Y,  Z,  V,  &c.  refpe&ively,  and 
which  proceed  according  to  the  dimenfions  of  b9  but  fubjedl  to 
the  fame  conditions  as  in  the  preceding  cafe. 

From  fluxional  equations  may  be  deduced  feries  which  exprefs 
the  value  of  y , &c.  in  terms  of  x,  and  always  diverge,  or 
always  converge,  whatever  may  be  its  value,  as  appears  from 
the  Meditationes. 


1 
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XVIII.  On  the  Refolution  of  attractive  Powers.  By  Edward 
Waring,  M.  D.  F.  R.  S.  and  Lucafi^n  ProfeJJor  of  Mafhe~ 
matics  at  Cambridge. 


Read  May  28,  1789, 

1 • Jk  FORCE  a&ing  at  a given  point* may  be  refolved  by  an 
JTjL  infinite  number  of  ways  into  two,  three,  or  more  ( \n ) 
forces  acting  at  the  fame  point,  either  in  the  fame  or  different 
planes  with  the  given  force  and  each  other ; and,  vice  verfd9 
any  number  of  fuch  forces  ading  in  the  fame  or  different 
planes  may  be  reduced  into  one. 

Ex.  Fig.  1.  Tab.  III.  Let  a body  A be  a&ed  on  by  three  forces 

AB,  AC,  and  AD,  not  being  in  the  fame  planes  reduce  any  two  of 
them  AB  and  AC  to  one  AE,  by  compleating  the  parallelogram 
ABEC ; then  reduce  the  two  forces  AE  and  AD  to  one  AF  by 
completing  the  parallelogram  AEFD,  and  the  three  forces  AB, 

AC,  and  AD,  are  reduced  to  the  one  AF. 

2.  If  n forces  a£t  on  the  body  A at  the  fame  time,  and  any 
(n  - 1)  of  them  be  reduced  to  one,  the  force  refulting  will  be 
fituated  in  the  fame  plane  with  the  remaining,  and  force  equiva- 
lent to  the  ( n ) forces. 

3.  If  one  force  a be  refolved  into  feveral  others  x9  y,  v9 
&c.  fituated  in  different  planes,  and  the  fines  of  the  angles, 
which  the  forces  y,  2,  v9  &c.  contain  with  the  plane  made  by 
the  direction  of  the  forces  x and  a be  refpe&ively  j,  s'9  j/X,  &c. 
then  will  sjr^ s/z3z,$/'vz£z&c,~o. 


P R 0- 
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PROBLEM  I. 


Fig.  2.  Givren  the  law  of  attraction  of  each  of  the  parts  of 
a given  line  in  terms  of  their  diftance  from  a given  point  P ; 
to  find  the  attraction  of  the  whole  line  ab  on  the  point  P. 

Find  the  attraction  of  the  line  ab  on  the  point  Pin  the  two 
directions  Vf  and  fb  by  the  following  method.  Draw  Vx  from 
the  point  P to  any  point  x of  the  line  ab,  the  force  acting  on 
the  point  P by  the  particle  xy  will  be  the  given  function  (de- 
termined from  the  given  law  of  attraction)  of  the  diftance  into 
the  particle ; draw  alfo  P h perpendicular  from  the  point  P to 
the  line  ab,  and  let  Vf  — a,  hj  — b , and  fx  =y  ; then  will  the 
diftance  Fx=  s/(a2dti2by-]-y~),  and  the  function  of  the  dif- 
tance into  the  particle  xy  = <p  (^(^zt^iy+y*))  Xy  — F (y)  xy; 
let  this  be  denoted  by  lx  fituated  in  the  line  P^,  which  refolve 


into  two  others  nx'zn- — fituated  in  the  line  ab% 

Yxzz  \/  (a  ±:2by-\-y  ) 9 

and  In  (in  a direction  parallel  to  Vf}  — 9 

fluents  of  the  fluxions  'VJLLfjl  anj  ^-x Z i ill  contained  be- 

irx  Yx 


tween  the  values  af  and  fb  of  the  line  fxzzy,  which  fuppofe 
Y and  V refpeCtively ; through  the  point  p draw  Py  parallel  to 
fb~Y,  and  in  the  line  Vf  affume  P^==V;  complete  the 
parallelogram  P uzy  ; P z will  be  the  force  of  the  line  ab  on 
the  point  P. 

Cor . If  F : (y)  varies  as  any  power  or  root  (2 n)  of  the  dif- 
tance Vx  ~ zby-\-yz},  and  ft  — § be  an  integer  affirma- 

tive number  or  o,  the  fluents  Y and  V of  both  the  fluxions  can 
be  found  in  finite  algebraical  terms  of  y ; if  ft  — § be  an  integer 
negative  number,  both  the  fluents  can  be  found  in  the  above- 
1 mentioned 
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mentioned  finite  terms  together  with  the  arc  of  a circle,  whofe 

radius  is  s/ a — t?  and  tangent  b,  unlefs  n—  f=— 1,  in 
which  cafe  the  fluent  Y involves  that  circular  arc,  and  alfo  the 
logarithm  of  y'+iby o'.  If  n — \ denotes  a fraction  whofe 
denominator  is  2,  both  the  fluents  can  be  exprefied  by  the 
finite  terms  together  with  the  log.  of  -f  ^/(  y2^iby  + a). 
If  the  fluents  be  given,  when  n is  a given  quantity,  and  n — { 
not  a whole  affirmative  number,  from  them  can  be  deduced 
the  fluents  of  any  fluxions  refulting  by  increafing  or  dimi- 
nifhing  n by  a whole  number,  unlefs  in  the  above-mentioned 
cafe  of  n — i=—  1.  If  £ — o,  and  confequently  the  line  Vf 'is 
perpendicular  to  the  given  line  ab9  the  fluent  Y will  be  ex- 
preffed  by  the  finite  terms,  unlefs  n — f = — 1,  in  which  cafe 
it  will  be  as  \ log.  (y*  + tf2)  when  properly  corrected. 

Thefe  fluxions  Y and  V may  be  transformed  into  others, 
whofe  variable  quantity  is  P x~u  the  diftance  from  P,  by  fub- 
ftituting  in  the  fluxions  for  y and  y their  refpeCtive  values 

^/{u  — a + F)=t=b  and  ■■  5 ~ - , and  confequently  for 

v ' y[u  —a  -j-P  ) x 

s/(yiz±z2by  + a2)  its  value  u. 

PROBLEM  II. 

\ 

Fig.  3.  Given  the  attraction  of  each  of  the  parts  of  a given 
furface  in  terms  of  their  diftance  from  a given  point  P,  and  an 
equation  exprefling  the  relation  between  an  abfcifs  Ap  — x,  and 
its  correfpondent  ordinates  pm  =.y  of  the  furface;  to  find  the 
attraction  of  the  furface  on  the  given  point  P. 

Firft,  by  the  preceding  propofition  find  the  attractions  Y 
and  V of  any  ordinate  m p mf  in  the  directions  of  the  ordinate 
pm  and  of  the  line  Pj b\  and  from  the  equation  exprefling  the 

relation 


i 
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relation  between  the  abfcifs  and  ordinates  of  the  given  curve, 
find  the  abfcifs  in  terms  of  the  ordinates  ( pm)  — ^ : (y),  and 
thence  x~q>  : (jy)  xy  and  v/(^z/2=i=2 sayx x2)=:  cp'  : (jy),  where 
PA  — a'  and  j=:  cofine  of  the  angle,  which  the  abfcifs  Ap 
makes  with  the  line  PA  ; then  find  the  fluents  of  the  three 


Vxa: 


fluxions  xxY  =y  x Y x 9 : (jy),  x x = <P  : ( y)  X 

a'V  . a'V 


y X - ! \y\  X V and  x X 


V ( a'z±:  2 sax-\-x7') 


= y X “t — 7-rContained  be- 


tween  the  values  of  y9  which  correfpond  to  the  extreme 
values  of  x9  which  fuppofe  Y\  V7,  and  Z ; and  draw  through 
the  point  P the  lines  Pjy  and  Pz  refpeftively  parallel  to  the 
ordinates  pm  and  to  the  abfcifs  Ap  and  equal  to  r x Y/  and  V7 ; 
affume  P u in  the  line  (PA)=/xZ,  r and  t denoting  the  fines 
of  the  angles,  which  the  ordinates/^  and  line  AP  make  with 
the  abfcifs  Ap  : reduce  thefe  three  forces  Pjy,  P z9  and  P u9  to 
one  P f9  and  Pf  will  be  the  force  of  the  furface  on  the 
point  P. 

Cor.  i.  If  forjy  andj)  be  fubftituted  their  values  in  terms  of 
and  x9  deduced  from  the  equation  expreffing  the  relation 
between  the  abfcifs  Ap  and  ordinate  pm  of  the  given  curve, 
thence  will  be  deduced  the  above-mentioned  fluents  Y,  V,  Yr, 
V7,  and  Z,  in  terms  of  x ; and  in  the  fame  manner,  if  for  x and 
x be  fubftituted  in  the  fluxions  or  fluents  refulting  their  values 
^/(p  — + i~a/2^=fzsa/9  and  its  fluxion,  there  will  refult  the 

above-mentioned  fluxions  or  fluents  in  terms  of  u the  diftance 
from  the  point  P. 

Cor.  2.  Let  the  curve  be  a circle,  of  which  A is  the  center, 
PA  a line  perpendicular  to  the  plane  of  the  circle,  and  the 
ordinate  pm  perpendicular  to  the  abfcifs  Ap  ; the  forces  on  each 
fide  of  the  abfcifs  Ap  will  be  equal,  and  the  force  in  the  direc- 
6 tion 
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tlon  of  theabfcifs  Ap  will  be  equal  to  that  in  the  contrary  direc- 
tion the  force  in  the  direftion  (PA)  = ax  C- — X 

S vJF+f  x F : + /))  = W»  ill  which  F : (s/u  \s 


the  fundtion  of  the  diftance,  according  to  which  the  given 


force  on  the  particles  varies;  the  fluent 


Uy 


(uz  + f) 


X F : 


v/<X  +y*yis  contained  between  the  values  o and  y/ -f  + a —if} 
of  the  quantity  y9  and  the  fluent  W is  contained  between  the 
values  a and  y/(ff  + r2)  of  the  quantity  u , where  rz~PA  and  r 
the  radius  of  the  circle  ; but  the  fame  force  is  = 2 ><3,14 159 

&c.  x f au  X F : (&),  where  F : ( u ) denotes  the  given  function 
of  the  diftance  («),  and  the  fluent  is  contained  between  the 

values  a and  s/  a + rz  of  u. 


PROBLEM  III. 

To  find  the  attraction  of  a given  folid  on  a given  point  P« 
Find  the  attradfion  of  every  parallel  fedtion  on  that  point  by 
the  preceding  problem,  and  multiply  it  into  the  correfpondent 
fluxion  of  the  fir  ft  abfciffa  AP,  and  alfo  find  the  fluent  of  the 
refulting  fluxion,  which,  properly  corrected,  multiply  into  the 
fine  of  the  angle,  which  the  fir  ft  abfciffa  makes  with  the  paral- 
lel lections,  and  the  produdt  will  be  proportional  to  the  attrac- 
tion of  the  folid  on  the  given  point  P. 

2.  Fig.  4.  Let  the  folid  ABCH  be  generated  by  the  rotation 
of  a given  curve  round  its  axis  AB,  which  paffes  through  the 
point  attradled  P,  and  this  folid  be  fuppofed  to  confift  of  fmall 
evanefcent  folids,  whofe  bafes  are  the  furfaces  EF,  ef  &c.  of 
fpheres,  of  which  the  center  is  P,  and  altitudes  Ff  &c.  the 
Vol.  LXXIX.  G g 


mere- 
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increments  of  the  bafe  AB  contained  between  the  two  conti- 
guous furfaces  EF  and  ef:  from  the  points  E and  c of  the 
curve  draw  ED  and  ed  perpendicular  to  the  axis  AB,  and  E3 
perpendicular  to  the  arc  ¥e  of  the  given  curve  at  the  point  E, 
and  meeting  the  axis  AB  in  S ; then  will  the  evanefcent  iolid 
TLFfe  ~p  x PE  X FD  x¥f  = px  FD  x PS  x Dd  (becaufe  F/= 


x \/(3"  +/)  “ s X zz=^yy>  where  z and  y denote 

respectively  the  abfcifs  PD,  and  its  correfpondent  ordinate  DE 
of  the  given  curve. 

The  increment  of  the  attraction  of  the  furface  EF  on  the 
point  P in  the  direction  PD  will  be  as  the  increment  of  the 


furface X PE  x D d)  X ^ 


X force  of  each  particle  =p  x PD  X 


Ddx  given  force  of  the  particle;  but  the  fluent  of  the  fluxion 
PD  x Dd  contained  between  the  points  E and  F is  = lPE2- 
1 PD  = I ED2,  whence  the  attraction  of  the  evanefcent  folid 

E Fje  is  as  \p  xED  x Fy^xF  : (v/V+jO  force  of  each  given 


particle  at  the  diftance  (PE  = ^/(xz  +jy2))  = ip  x ED2  x — X D d 


PE 


X F : (%/ z +/)  = \py  x 


-t-yy 

v'(S+/) 


X F : (y/(%2  +/))  ; the  fluent 


of  which,  properly  corrected,  is  as  the  attraction  of  the  folid 
on  the  point  P ; p denotes  the  circumference  of  a circle,  whofe 
radius  is  i. 

Cor . i.  The  fluxion  of  this  folid  is  \pyz~ Y which  deduced 
from  the  preceding  principles  —p  X (\/(s  +JF)  — z)  X (zz^yy) 

2=  V,  and  confequently  their  fluents  between  two  values  of  z> 
which  correfpond  to  two  values  of  jy  = o,  will  be  equal  to  each 

other* 
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Cor . 2.  The  increment  of  the  attraSion  of  this  folid  as  given 
Jn  this  propofition  Ipx  / X x F : (</(>*+/)  = 

U,  but  in  the  preceding  propofition  the  force  of  a circle  on 

the  point  P ~p  X f au  x F : («),  where  u — and 

a=z9  and  jy  or  # the  only  variable  quantity  contained  in  the 
fluxion  ; and  confequently  the  fluxion  of  the  attra&ion  of  the 

folid  p xz  f ■ x F : ((sf  +y*f)  = W ; therefore,  if  for 

the  fluent  of  xF  : ((a*+y)*)  be  fubftituted  its  fluent 

contained  between  the  values  a and  the  value  of  y9  which  in 

the  given  equation  correfponds  to  % ; then  the  fluents  of 

• • 

U and  W contained  between  the  two  values  of  z9  which  cor- 
refponds to  two  values  of  y~o9  will  be  equal  to  each  other. 

• • 

The  difference  of  the  fluents  of  Y and  V,  &c.  contained 
between  any  other  two  values  of  %9  can  eafily  be  deduced  from 
the  difference  of  two  fegments  of  fpheres. 

i.  It  may  not  be  improper  to  remark  in  this  place,  that 
from  different  methods  of  finding  the  fum  of  quantities,  the 
fluents  of  fluxions,  the  integrals  of  increments,  &c.  quanti- 
ties may  often  be  deduced  equal,  which  otherwife  cannot  with- 
out fome  difficulty ; of  which  inflances  are  contained  in  the 
Meditationes,  and  I fhall  here  fubjoin  one  or  two  more  to  thofe 
already  given  in  this  Paper. 

Ex.  i . Any  curvilinear  area  ABC,  &c.  may  be  fuppofed  to 
confift  of  evanefcent  areas  EF^  of  which  the  bafe  EF  is  the 
arc  of  a circle,  whofe  radius  is  PE  = \/{f  +jf)  and  fine  ED  = 
y9  and  altitude  F f,  and  confequently  the  fluxion  of  the  area 
~:F f x arc  (A)  of  a circle  whofe  radius  is  PE  and  fine  ED  = 
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• • 

xA~V;  the  fluent  of  V contained  be- 


Ps  • a — z*-+->y 

X 2 x A - — 77~i Tx 

PE  V{z+y2) 

tween  the  two  values  of  £ which  correipond  to  two  values  of 
(y)— o will  be  equal  to  the  fluent  of  yz  contained  between 
the  fame  two  values  of  %. 

Ex.  2.  The  attraction  of  any  circular  arc  EF  in  the  direction 
PD  on  a point  P (P  being  the  center  of  a circle,  of  which  EF 
is  an  arc,  and  ED  the  fine  of  that  arc)  will  be  as  ED  x force  at 
difiance  PE  = ED  x F : (PE)  ; for  the  attraction  in  the  direc- 
tion PD/CF  at  the  point  x is  as  the  increment  of  the  arc  xyx 
vi 

F : (PE)  * p-  (x!  and  yl  being  at  right  angles  to  PF)  =Ux 

x F : (PE), 


^x-xF:  (PE)  = U—  x F : (PE)  = 

9tl  P*  ^ J iX  V J 


uu 


-s/ 


u 


if  &=lP/;  and  confequently  the  fluent  of  it  is  as\/PE2  — uz 
x F : (PE)  = ED  x F : (PE),  and  the  attraction  of  the  furface 

FFef  will  be  as  ED  x Ffx  F : (PE)~ED  xix^xF  : (PE) 

= y x -FCdFC-  x F : ((z2  4-  v2)*  = V ; the  attraction  of  the  curve 
J V{z +y  ) K J J 

will  alfo  vary  as  J* % J^tX¥  ' 


2 • 


— L)  — W,  in  which  the 

(Zz  + u2  )* 

fluent  of  zuxY ■ — ^ is  contained  between  u = o and  u — y; 

(»*  + »*)*  J 

• m 

the  fluents  of  V and  W contained  between  two  values  of  z9 
which  correipond  to  two  values  of  y = o,  will  be  equal  to 
each  other. 

2.  From  a fimilar  method  may  be  deduced  equalities  between 
other  like  fluents,  for  the  curve  may  be  fuppofed  to  confift  of 
other  fimilar  curve  furfaces  equally  as  circles,  and  the  folid 
of  fimilar  fegments  o£  other  folids  equally  as  fpheres. 

3.  From  the  fame  principles  may  innumerable  feriefes  equal 
to  each  other  be  deduced ; for  by  different  converging  feriefes 

find 
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find  the  fum  of  the  fame  quantity  or  quantities,  and  there  will 
refult  feriefes  equal  to  each  other  : for  inftance  (fig.  5 ),  if  the 
time  of  falling  down  the  arcs  AC  and  BC  and  their  interpola- 
tions from  the  principles  delivered  in  the  Meditationes  Ana- 
lytics, of  which  the  difference  let  be  D ; find  the  difference 
between  the  times  of  a body’s  falling  through  BC  when  it 
began  to  fall  from  A and  from  B by  a feries  proceeding  accord- 
ing to  the  dimenfions  of  ABzzcf  a fmail  quantity;  and  find, 
by  a feries  of  the  fame  kind,  the  time  of  falling  through  AB ; 
the  fum  of  thefe  two  feriefes  will  be  equal  to  D.  Similar  pro- 
pofitions  may  be  deduced  from  fluxional  equations. 

4.  In  fome  cafes  the  ratios  of  the  times  of  bodies  falling 
through  fome  particular  diffances  to  each  other  may  be  eafily 
known  ; for  inftance,  let  the  force  vary  as  the  m — 1 power 
of  the  diftance  (v),  and  a be  the  diftance  from  which  the 
body  began  to  fall,  then  the  velocity  varies  as  <y(am 

and  the  increment  of  the  time  as — — ; but  if  the  parts 

A/(am-xm)  r 

of  different  curves  are  proportional,  then  will  a , x,  and  x vary 
in  the  fame  ratio  as  each  other,  and  confequently  the  time 
through  proportional  parts  of  the  diftance  will  vary  as 
a '2—HL ; and  if  the  bodies  be  refilled  likewife  by  a force  which 

varies  as  the  — — power  of  the  velocities,  then  the  times 
through  proportional  parts  will  vary  as  before,  that  is,  as 
a where  a denotes  the  proportional  diftances  from  the 

points  where  the  forces  and  refiftanees  are  equal. 
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PROBLEM  IV. 

1.  Fig.  6.  Given  an  equation  exprefiing  the  relation  between 
the  two  abfcilfe  z = AP  and  x~Pp  and  their  correfpondent 
ordinates  y = pm  of  a folid,  to  find  its  folid  contents  contained 
between  two  values  of  itsfirft  abfcifiae  %.  Afiume  s as  an  inva- 
riable quantity,  and  from  the  equation  refulting  find  the  fluent 
Z of  yx  contained  between  the  extreme  values  of  x or  y ; then 
find  the  fluent  of  Z*z  contained  between  the  given  values  of  z9 
and  the  fluent  multiplied  into  the  product  of  the  fines  of  the 
angles,  which  the  firft  abfciflfa  makes  with  the  plane  of  the 
ordinates  and  fecond  abfcifs,  and  the  fecond  abfcifs  makes  with 
its  correfpondent  ordinates,  will  be  the  folid  content  required. 

2.  Fig.  7.  Let  the  firft  abfcifs  z of  a folid  be  perpendicular 
to  the  planes  of  the  ordinates,  and  the  fecond  abfcifs  P p=-x 
perpendicular  to  the  ordinates  themfelves  pm~y.  Firft,  aflume 
the  firft  abfcifs  as  invariable,  and  find  the  increment  of  the 
arc  p'm  = (i2  -by2)*,  then  aflume  the  fecond  abfcifs  P p as  con- 
ftant,  and  let  mu  be  the  fluxion  of  the  ordinate  y or  U9  when 
the  fluxion  of  the  firft  abfcifs  is  z = u/,  where  ul  is  perpendi- 
cular to  the  plaue  of  the  ordinates  p'pm , and  / a point  of  the 
fur  face  of  the  folid  ; draw  uh  perpendicular  to  the  arc  p'm , and 
fince  ul  is  conftituted  at  right  angles  to  the  plane  pp'm , lb  will 

cut  the  arc  p'm  at  right  angles;  but  uh  = = — Ux—  \ 

lb  ~ [hu  -f  hpy~  — ( + z'fi  the  fluxion  of  the  furface  wfill  be 

lb  x s/(y  From  the  given  equation  exprefiing  the  rela- 

tion between  the  two  abfciflbe  z and  x and  ordinates  y find,  by 
afluming  55  invariable px~y9  and  by  afluming  x invariable qz  = 

4 y = 
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jS— :ut  which  being  fubftituted  for  their  values  in  the  quantity 
lb  x v/(x2  +/),  there  will  refult  (f  +pz  + 1 fxxxz  - Axis  ~ 

( 1 _i_  /)2  1 j ir  ♦ 

— Xj/Xi;  — Byi;;  in  A and  B for  y and  refpeclively 


fubftitute  their  value  deduced  from  the  given  equation,  and  let 
the  refulting  quantities  be  A'xz  and  B 'yz9  where  A/  is  a func- 
tion of  x and  z9  and  B'  a fun&ion  of  y and  z ; find  the  fluent 
of  A'xz  from  the  fuppofition  that  x is  only  variable  contained 
between  the  extreme  values  of  x to  a given  value  of  z,  which 
let  be  L z9  then  find  the  fluent  of  Li;  by  fuppofing  z only 
variable  contained  between  given  values  of  z,  and  it  will  be 
the  furface  of  the  folid  contained  between  thofe  values. 

The  fame  may  be  deduced  by  finding  the  fluent  of  B 'yz  011 
the  fuppofition  that  jy  is  the  only  variable  quantity  contained 
between  the  extreme  values  of  y as  before  of  x to  a piven  value 
of  z9  which  let  be  L /z;  then  will  the  fluent  of  Lyz  contained 
between  the  given  values  of  z be  the  furface  required* 

If  the  folid  be  a cone  generated  by  the  rotation  of  a rectan- 
gular triangle  round  a fide  containing  the  right  angle  as  an 
axis ; hu  will  be  a given  quantity,  if  z be  given. 

If  the  above-mentioned  angles  are  given,  but  not  right  ones, 
the  arc  pfm  and  perpendicular  Ah  can  ealily  be  deduced,  and 
confequently  the  increment  of  the  furface. 

3.  To  define  a curve  of  double  curvature,  it  is  neceffary  to 
have  two  equations  expreffing  the  relation  between  the  abfciife 
% and  tfand  their  ordinates  (y)  given,  and  if  the  angles  which 
they  refpedtively  make  with  each  other  be  right  ones ; the 
fluxion  of  the  arc  as  given  in  the  Proprietates  Curvarum  is 
(if  -f  x +y2)*.  Find  its  value  from  the  two  given  equations  in 
terms  of  x9y9  or  z9  multiplied  into  its  refpedlive  fluxions,  and  its 
fluent,  properly  corrected,  will  be  the  length  of  the  arc  required. 


-r 
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If  the  angles  are  not  right,  they  may  eafily  be  reduced  to 

them. 

4.  The  attractions  of  thefe  furfaces,  curves,  &c.  on  a given 
point  P may  be  deduced  from  the  preceding  principles  of  finding 
the  attra&ions  of  each  of  the  parts  in  the  directions  of  the  firft 
abfciffa,  which  paffes  through  the  point  P,  the  fecond  ab- 
le ilia,  and  the  ordinates,  and  then  finding  the  integrals  of 
thefe  increments. 

From  the  method  which  determines  the  attraction  of  a body, 
furface,  &c.  on  a given  point  can  be  determined  the  attraction 
of  a body,  &c.  on  any  number  of  points,  and  confequently  the 
attraction  of  one  body,  &c.  on  another,  &c. 

It  is  fometimes  advantageous  to  transform  the  firft  abfeifs, 
that  it  may  pafs  through  the  point  attraCh  d . ' the  abfciffae 

and  ordinates,  that  they  may  be  at  lig.ii  ...  _ s to  each 
other,  &c. 


PROBLEM  V. 

4 

1.  Fig.  8.  Given  an  equation  expreffing  the  relation  between 
the  two  abfeiffas  AP  and  P p of  a folid,  and  their  correfpondent 
ordinates  pm,  or  AP7,  P fp\  and  p' m' ; to  transform  the  firft 
abfciffa  into  any  other  L h. 

Let  the  abfciffa  L h begin  from  a point  L of  the  firft  ab- 
feifla  AP,  and  meet  an  ordinate  pm  in  the  point  h;  draw  hp9 
and  let  the  fines  of  the  angles  P 'pm,  P bp,  and  pVh ; LP h9 
P/3L,  and  PLZ?,  be  denoted  refpeClively  by  r,  s,  and  t,  &c. 
r\  /,  and  P ; through  a point  h of  the  line  P h draw  p'h'm' 
parallel  to  pm,  and  L h = z9  hh'  = x,  and  h'm'  = y : in  the  given 
equation  for  AP,  Vp,  and  pm  fubftitute  refpeClively  their  cor- 
refpondent 
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refpondent  values  AL  (ci)9  (for  Vh  — — anci  Vh' ~ 

Vh  + hh'  = =+=<£),  and  there  refults  an  equation 

to  the  fame  folid  expreffing  the  relation  between  the  two  ab- 
fciffte  z = ~Lh  and  x9  and  their  correfpondent  ordinates  y. 

1.2.  If  the  abfcifs  L h does  not  begin  from  L,  a point  in 
the  firft  given  abfcifs  AP,  but  from  M a point  given  out  of  it, 
it  may  be  reduced  to  the  preceding  cafe,  by  drawing  from  M a 
line  MN  = c to  the  plane  of  the  firft  and  fecond  abfcifife  parallel 
to  the  ordinates  pm ; and  from  N to  the  firft  abfciffa  a line 
NO  = b parallel  to  the  fecond  abfciffe,  and  fubftituting  in  the 
equation  expreffing  the  relation  between  AP,  P p9  and  pm  for 
AP,  P 'p,  and  pm  refpeflively  2:±AO  (^),  x^b  and y—c; 
and  there  refults  the  equation  required  expreffing  the  relation, 
between  the  two  abfciffre  % and  and  their  correfpondent 
ordinates  y,  of  which  the  firft  abfciffa  2;  paffes  through  the 
point  M. 

2.  To  change  the  fecond  abfciffa  P p into  any  other  L£,  the 
firft  abfciffa  and  ordinates  remaining  the  fame.  In  the  pre- 
ceding figure  let  L be  confidered  as  a moveable  point  of  the 
firft  abfcifs  AL,  and  the  fines  of  the  refpeftive  angles  denoted  by 
the  fame  letters  as  before,  and  L h = x9  AL=z,  and  hm—y;  in  the 

given  equation  for  AP,  P p9  and  pm9  fubftitute  % — ~9  and 

ydtz—;  and  there  will  refult  the  equation  required  expreffing 

the  relation  between  z and  x the  abfciffin,  and  their  cor- 
refpondent ordinates  y. 

3.  Fig  8.  To  change  the  ordinates,  the  abfciftae  remaining 
the  fame,  draw  p 'm  an  ordinate  transformed,  p'h  parallel  to 
the  firft  abfciffa  AP,  and  meeting  a fecond  abfciffa,  of  which 
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pm  is  an  ordinate  in  b : for  the  fines  of  the  angles  p'hp,  bpp',  and 
bp'p  ; p'pm,  pmp',  and  pp'm  write  r,  s,  and  t,  r' , s',  and  t' ; and 
for  AP',  P 'p',  and  p'm  refpedtively  z,  x,  and  y ; then  fubftitute 
in  the  given  equation  for  AP,  P p,  and  pm,  their  refpedtive  values 

z (AP')^— , xjy,  x (P'p'  — '—,y,  and  -,y;  and  there  refults  an 

y jc  it 

equation  to  the  folid  expreffing  the  relation  between  the  two 
abfciffas  AP'  and  P fp'  and  the  tranformed  ordinates  p'm., 

Fromthefe  cafes,  which  are  eafily  reducible  to  one,  may  be 
transformed  any  given  a-bfciflae  and  their  correfpondent  ordi- 
nates into  any  other  containing  given  angles,  &c.  with  the 
before-mentioned  abfciflae  and  ordinates. 

In  the  properties  of  curve  lines,  firft  publifhed  in  1762,  is 
given  a method  of  deducing  the  equation  to  any  feCtion  of  the 
folid,  and  in  particular  the  cafe  of  deducing  the  equation  ta 
the  projection  of  any  curve  on  a given  plane. 

From  the  principles  given  in  this,  and  the  Paper  on  centri- 
petal forces,  which  the  Royal  Society  did  me  the  honour  ta 
print,  can  be  deduced  the  fluxional  equations,  whofe  fluents 
exprefs  the  relations  between  the  abfciflfe  and  their  correfpon- 
dent ordinates  of  the  curves  defcribed  by  bodies,  of  which  the 
particles  aCt  on  each  other  with  forces  varying  according  to 
given  functions  of  their  diftances. 
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XIX.  Experiments  on  the  Congelation  of  ^uickfher  in  England. 

By  Mr.  Richard  Walker ; in  a Letter  to  Henry  Cavendifh, 
Ejq,  F.  R.  S. 

Read  May  28,  1789. 

s 1 R, 

T NOW  beg  leave  to  trouble  you  with  the  particulars  of  my 
experiments  relative  to  the  congelation  of  mercury ; to 
which  I fhall  add  an  account  of  a few  experiments,  relating  to 
the  produdtion  of  artificial  cold,  made  fince  my  laft  Paper  was 
written. 

Exp.  1.  On  December  28th  laft,  a favourable  opportunity 
offered  of  beginning  fome  experiments  on  the  congelation  of 
mercury,  which  I was  defirous  of  effecting  completely ; how 
far  I have  fucceeded  will  appear  in  the  fequel. 

For  this  purpofe  I prepared  a mixture  of  diluted  vitriolic  acid 
(reduced  by  water  till  its  fpecific  gravity  was  to  that  of  water 
as  1,5596  to  1)  and  ftrong  fuming  nitrous  acid,  of  each  equal 
parts.  I preferred  this  mixture  of  acid  becaufe  it  has  been 
found  by  Mr.  Mc  Nab,  in  Hudfon’s  Bay,  to  be  capable  of 
producing  much  greater  cold,  when  the  temperature  of  the  ma- 
terials at  mixing  is  very  low,  than  the  nitrous  acid  alone;  the 
former  finking  a fpirit  thermometer  to  —54°!,  the  latter  never 
lower  than  — 46°. 

The  glafs  tube  of  a mercurial  thermometer,  with  its  bulb 
half  filled  with  mercury,  was  provided,  this  occurring  tome 
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as  a convenient  method  of  afcertaining  when  the  mercury  was 
congealed;  for  if,  after  being  fubjedted  to  the  cold  of  a frigo- 
rific  mixture,  the  thermometer  glafs  fhould  be  taken  out  and 
inverted,  and  the  mercury  found  to  remain  completely  fuf- 
pended  in  that  half  of  the  bulb  now  uppermoft,  no  doubt  can 
remain  of  the  fuccefs  of  the  experiment ; an  hydrometer,  with 
its  lower  bulb  half  an  inch  in  diameter,  and  three-fourths  full  of 
mercury,  was  likewife  provided,  in  cafe  any  accident  fhould 
happen  to  the  other. 

It  may  be  proper  to  premife  here,  that  in  all  experiments  of 
this  kind  I remove  each  veffel,  when  the  liquor  it  contains  is 
fufficiently  cooled,  out  of  the  mixture  in  which  it  is  immerfed 
for  that  purpofe,  immediately  previous  to  adding  the  fnow  or 
falts  with  intention  to  generate  a ftill  further  increafe  of  cold ; 
and  likewife  prefer  adding  the  fnow  or  powdered  falts  to  the 
liquor,  inftead  of  pouring  the  liquor  upon  thefe  : it  is  neceffary 
alfo  to  ftir  about  the  fnow  or  falts,  whilft  cooling  in  a frigorific 
mixture,  from  time  to  time,  otherwife  it  will  freeze  into  a hard 
mafs,  and  fruftrate  the  experiment. 

A half-pint  glafs  tumbler,  containing  two  ounces  and  a half 
of  the  above-mentioned  diluted  mixture  of  acids,  being  im- 
merfed in  mixtures  of  nitrous  acid  and  fnow,  until  the  liquor 
it  contained  was  cooled  to  — 30°,  was  removed  out  of  the 
mixture  and  placed  upon  a table ; fnow,  likewife  previoufly 
cooled  in  a frigorific  mixture  to  — 1 50,  was  added  by  degrees  to 
the  liquor  in  the  tumbler,  and  the  mixture  kept  ftirring  until  a 
mercurial  thermometer  lunk  to  — 6o°,  where  it  remained  fta- 
tionary ; the  hydrometer  was  then  immerfed  in  the  mixture 
(the  thermometer  glafs  having  been  broken  in  the  courfe  of 
the  experiment),  and  ftirred  about  in  it  for  a fhort  time,  and 
on  taking  the  hydrometer  out,  and  gently  fhaking  it,  I 
1 perceived 
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perceived  the  mercury  had  already  acquired  the  confiftence  of 
an  amalgam,  and  after  immerfing  it  again  for  a few  minutes, 
and  then  taking  out  and  inverting  it,  I was  gratified  for  the  firft 
time  with  the  fight  of  mercury  in  a ftate  of  perfect  congela- 
tion. I applied  my  hand  to  the  inverted  glafs  bulb  ; this  foon 
loofened  the  folid  mercury,  which,  on  fhaking  the  hydro- 
meter, was  diftinCtly  heard  to  knock  with  force  againft  the 
glafs;  it  was  then  immerfed  a fecond  time,  and  whefi  taken 
out  was  found  adhering  to  the  glafs  as  before.  I now  inverted 
the  glafs  again,  and  kept  it  in  that  fituation  until  the  whole  of 
the  mercury  melted,  and  dropped  down  globule  after  globule 
into  the  ftem  of  the  hydrometer.  The  interval  of  time  from 
taking  the  mercury  out  of  the  frigorific  mixture  in  a folid  ftate, 
the  laft  time,  to  its  perfect  liquefaction,  was  not  noticed  ; but, 
upon  recollection  immediately  afterwards,  was  fuppofed  to  be 
not  lefs  than  three  or  four  minutes.  In  a fucceeding  experi- 
ment this  circumftance  was  attended  to,  and  the  frozen  mer- 
cury, weighing  feven  fcruples,  was  not  entirely  melted  under 
feven  minutes,  the  temperature  of  the  air  +30°. 

The  experiment  which  follows  I confider  the  moft  extra- 
ordinary, becaufe  it  proves  beyond  a doubt,  that  mercury  may 
be  frozen  not  only  here  in  fummer,  but  even  in  the  hotteft 
climate,  at  any  feafon  of  the  year,  by  a combination  of  fri- 
gorific mixtures,  in  the  way  deferibed  in  the  Philofophical 
TranfaCtions,  Vol.  LXXVIL  p.  285.  in  wrhich  attempt  to 
freeze  mercury,  made  April  20,  17 87,  the  temperature  of 
the  air  and  materials  being  + 45°,  I certainly  reached  (without 
the  affiftance  of  fnow  or  ice)  the  point  of  mercurial  congela- 
tion ; but  had  then  no  fatisfaftory  proof  that  any  part  of  the 
mercury  was  abfolutely  congealed. 

Exp* 
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Exp.  2.  On  December  30.  three  ounces  of  a mixture  com- 
pofed  of  ftrong  fuming  nitrous  acid  two  parts,  and  ftrong 
vitriolic  acid  and  water  each  one  part,  were  cooled  in  a half 
pint  tumbler  immerfed  in  a frigorific  mixture,  till  the  tempe- 
rature of  the  diluted  mixture  of  acids  was  reduced  to  — 30°. 
The  tumbler  was  then  removed  out  of  the  mixture,  and 
vitriolated  natron  (Glauber’s  fait)  in  very  fine  powder,  pre- 
vioufty  cooled  to  — 140  by  a frigorific  mixture,  added  by  degrees 
to  the  liquor  in  the  tumbler,  ftirring  it  together  until  the  mer- 
cury in  the  thermometer  funk  to  — 540.  The  hydrometer 
■ufed  in  the  former  experiment,  with  its  lower  bulb  three- 
fourths  full  of  mercury,  was  now  immerfed  and  ftirred  about 
in  the  mixture  for  a few  minutes,  when  on  taking  it  out,  and 
inverting  it,  I had  the  fatisfaftion  to  find  the  fame  proof  of 
the  mercury  being  frozen  as  in  the  former  inftance.  It  was 
immediately  (hewn  to  the  gentlemen  prefent,  who  exprefled 
likewife  their  entire  fatisfa&ion.  Nearly  four  ounces  of  the 
powdered  fait  was  added ; but,  I believe,  fome  was  added  after 
the  greateft  effect  was  produced.  I had  no  nitrated  ammonia 
by  me,  otherwife  I (hould  have  ufed  upon  this  occafion,  inftead 
of  vitriolated  natron  alone,  a mixture  of  thefe  two  falts  in 
powder,  in  the  proportion  of  feven  parts  of  the  former  to 
eight  of  the  latter.  The  temperature  of  the  room  in  which 
thefe  experiments  were  made  was  -f  30°  each  time,  and  the 
mercury  taken  from  ajar  containing  feveral  pounds. 

Exp.  3.  By  an  experiment  made  purpofely  on  January  10. 
laft,  at  which  Dr.  Bourne  was  prefent,  I have  found  that 
mercury  may  be  congealed  tolerably  hard,  by  adding  frefh. 
fallen  fnow,  at  the  temperature  of  + 32%  to  ftrong  fuming 
nitrous  acid,  previoufly  cooled  to  between  — 25°  and  — 30% 
which  may  be  very  eafily  and  quickly  effected  by  immerfing 
6 the 
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the  veffel  containing  the  acid  in  a mixture  of  fnow  and  nitrous 
acid. 

I ufe  the  fuming  nitrous  acid  upon  all  occafions,  becaufethat 
does  not  require  to  be  diluted,  cold  being  immediately  pro- 
duced on  the  fmakeft  addition  of  fnow. 

Exp.  4.  On  January  12,  at  Dr.  Thomson’s  requefr,  I 
repeated  the  experiment  of  freezing  mercury,  at  the  Anatomy 
School  in  Chrift  Church,  in  the  prefence  of  the  honourable 
Mr.  Wenman,  the  rev.  Dr.  Hoare,  Dr.  Sibthorp,  junior, 
Dr.  Thompson,  the  rev.  Mr.  Jackson  of  Chrift  Church, 
and  Mr.  Wood  of  this  place,  a gentleman  well  known  for 
his  ingenuity  in  mechanics. 

For  this  purpofe  were  provided  a fpirit  thermometer  gra- 
duated very  low,  and  a mercurial  thermometer  graduated  to? 
— 76°,  two  thermometer  glades,  with  bulbs  very  near,  if  not 
quite,  an  inch  in  diameter  each,  one  filled  with  mercury 
nearly  to  the  orifice  of  the  tube,  which  was  left  open,  the 
other  with  its  bulb  half  filled,  and  an  hydrometer  with  its 
lower  bulb  (confiderably  lefs  than  either  of  the  others)  like- 
wife  half  filled  with  mercury  ; the  temperature  of  the  room  at 
this  time  -f  28°. 

A pan,  containing  nine  ounces  of  the  mixture  of  acids  pre- 
pared as  in  the  firft  experiment,  was  placed  in  a larger  pan, 
containing  nitrous  acid,  and  this,  in  a frigorific  mixture  of 
nitrous  acid  and  fnow,  contained  in  another  pan  much  larger. 
When  the  nitrous  acid  in  the  fecond  pan  was  cooled  by  this 
mixture  to  — 180,  and  the  mixed  acids  in  the  fmalleft  pan 
nearly  as  much,  fnow  at  fomewhat  between  -j-20°  and  +25% 
the  temperature  of  the  open  air  at  that  time,  was  added  to  the 
nitrous  acid  in  the  fecond  pan,  until  the  fpirit  thermometer 
funk  to  near  — 430;  then  the  thermometer,  with  its  bulb 
half  filled,  was  immerfed  a fufficient  time,  and  when  taken 
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out,  the  mercury  in  it  was  found  congealed,  and  adhering  to 
the  glafs.  The  pan  containing  the  mixed  acids,  and  which 
had  been  removed  whilft  the  fnow  was  added  to  make  the 
fecond  mixture,  was  now  replaced  in  it,  in  order  to  be  cooled  ; 
and  when  the  mixture  of  acids  was  reduced  to  the  tempera- 
ture of  — 34°,  fnow  previoufiy  cooled  to—  i8°  was  added, 
keeping  the  mixture  ftirred  until  the  mercurial  thermometer 
funk  to  — 6o° ; its  temperature  by  the  fpirit  thermometer  was 
then  found  to  be  — 510. 

The  three  glaffes  containing  the  mercury  to  be  frozen  were 
now  immerfed  in  this  mixture,  and  having  been  moved  about 
In  it  for  a confiderable  time,  during  which  the  fpirit  thermo- 
meter rofe  fcarcely  one  degree,  were  then  feverally  taken  out 
and  examined. 

As  the  examination  of  the  frozen  mercury  was  more  imme- 
diately under  the  infpedion  of  Dr.  Thomson,  I fhall  tranfcribe 
here  that  gentleman’s  account  of  the  phenomena. 

66  When  the  freezing  mixture  was  fuppofed  to  have  pro- 
duced its  effeft,  the  bulb  which  was  completely  filled  was 
taken  out,  and  broken  on  a flat  ftone  by  a moderate  ftroke  or 
two  with  an  iron  hammer.  This  bulb  was  eleven  or  twelve 
lines  in  diameter. 

The  folid  mercury  was  feparated  into  feveral  ftiarp  and  bril- 
liant fragments,  feme  of  which  bore  handling  for  a fhort  time 
before  they  returned  to  a fluid  form.  One  mafs,  larger  than 
the  reft,  confiding  of  nearly  one-third  of  the  whole  ball, 
afforded  the  beautiful  appearance  of  flat  plates,  converging 
towards  a center.  Each  of  thefe  plates  was  about  a line  in 
breadth  at  the  external  furface  of  the  ball,  becoming  nar- 
rower as  it  (hot  inwards.  Thefe  facets  lay  in  very  different 
planes,  as  is  common  in  the  fradture  of  any  cryftallized  ball, 

whether 
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’whether  of  a brittle  metal  or  of  the  earths,  as  in  balls  of  cah 
careous  ftaladlite.  The  folid  brittle  mercury  in  the  prefont 
inftance  bore  a very  exa£t  refomblance,  both  in  colour  and 
plated  ftru&ure,  to  fulphurated  antimony,  and  efpecially  to 
the  radiated  fpecimens  from  Auvergne,  before  they  are  at  all 
tarnifhed. 


Inftead  of  a folid  center  to  this  ball,  it  feemed  as  if  there 
had  been  a central  cavity,  of  about  two  lines  in  diameter,  a 
confiderable  portion  of  which  was  evident  in  the  fragment  juft 
defcribed,  at  that  part  to  which  the  radii  converged.  It  is 
indeed  poffible,  that  this  may  have  been  merely  the  receptacle 
of  fome  part  of  the  mercury  remaining  fluid  at  the  center* 
The  hollow  within  was  fhining,  but  its  edges  were  neither 
foft  nor  mouldering ; on  the  contrary,  they  were  (harp  and 
well  defined  : nor  was  the  brilliancy  of  the  radii  attributable  to 
any  exudation  of  mercury  as  from  an  amalgam. 

In  the  two  fmaller  bulbs,  which  were  only  half  filled,  the 
mercury  preferved  its  ufual  luftre  on  the  furface  in  contaft  with 
the  glafs,  as  well  as  on  that  furface  which  it  had  acquired  in 
becoming  folid.  The  latter  was  occupied  by  a conical  depref- 
lion,  the  gradations  of  which  were  marked  by  concentric 
lines. 


One  of  thefe  hemifpheres  was  ftruck  with  a hammer,  as  in 
the  former  inftance,  but  was  rather  flattened  and  cruftied  than 
broken.  The  other,  on  being  divided  with  a lharp  chiflel, 
fhewed  a metallic  fplendour  on  its  cut  furface,  but  not  equal- 
ling the  polilh  of  a globule  of  fluid  mercury.’5 

Thirteen  ounces  of  fnow  in  the  whole  were  found  to  have 
been  added  to  the  mixed  acids ; but  fome  was  added  to  lower 
its  temperature  after  the  glaffes  containing  the  mercury  were 
taken  out,  and  the  fpirit  thermometer  had  rifen  a few  degrees. 
Vol.  LXXIX.  I i This 
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This  was  a day  remarkably  favourable  for  fuch  an  experi- 
ment* My  thermometer  expofed  to  the  open  air  flood,  at 
three  quarters  paft  eight  this  morning,  at  + 6°,  which  is  a very 
extraordinary  degree  of  cold  here ; but  this  experiment  was 
not  begun  till  noon. 

Exp.  5.  On  Jan.  14.  I froze  mercury  at  the  Anatomy 
School  again,  in  the  prefence  of  the  rev.  the  Dean  of  Chriffc 
Church,  the  rev.  Dr.  Hornsby,  and  Dr.  Thomson. 

Four  ounces  now  of  the  mixture  of  acids,  prepared  as  in  the 
firfl  experiment,  were  cooled  in  a tumbler  to  — 20°,  which 
required  fomewhat  more  than  an  equal  weight  of  fnow,  cooled 
nearly  to  the  fame  temperature,  to  produce  the  greateft  effect. 
This  was  fomewhat  lefs  than  in  the  lafl  experiment,  the  fpirit 
thermometer  finking  no  lower  than  —46°,  owing  chiefly  to  the 
weather  having  become  much  warmer,  the  temperature  of  the 
open  air  being  now  4-36°.  The  mercurial  thermometer  i ai- 
mer fed  in  this  mixture  funk  to  — 550,  where  it  became  fla- 
tionary ; then  two  thermometer  glafies,  one  half  filled  with 
mercury,  and  the  other  filled  to  a confiderable  height  up  the 
the  tube,  after  being  immerfed  fome  time,  were  examined. 
Upon  breaking  the  fhell  of  glafs  from  the  former  of  thefe,  the 
mercury  was  found  in  a perfectly  folid  flate ; but  its  upper 
furface,  which  was  highly  polifhed,  and  of  the  colour  of 
liquid  mercury,  inflead  of  being  only  (lightly  depreffed,  as 
had  been  feen  in  every  other  inftance  which  afforded  an  oppor- 
tunity for  infpedtion,  now  formed  a perfe&ly  inverted  hollow 
cone.  This  great  depreffion,  as  well  as  the  concentric  circles 
mentioned  in  a former  inftance,  I fuppofe,  might  be  owing  to 
a rotatory  motion  accidentally  given  to  it  whilfl  congealing. 
The  folid  mercury  was  beaten  out,  but  having  been  buffered 
to  lie  fome  time  on  the  table  for  infpe&ion,  very  quickly 
.6  , • melted 
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melted  into  liquid  globules.  The  flexibility  of  folid  mercury 
was  clearly  to  be  obferved  in  this  beautiful  fpecimen  ; for  the 
external  furface,  particularly  the  upper  thin  rim  of  the  con- 
cave part,  was  evidently  bent  by  the  firft  gentle  ftroke  of  the 
hammer.  The  globe  of  mercury  in  the  other  glafs,  which 
was  very  fmall,  exhibited  nearly  the  fame  phenomena,  as  ia 
the  inftances  before  mentioned. 

It  happened  in  thefe  experiments  of  mine,  contrary  to  what 
has  generally  occurred  to  others,  that  the  mercury  never  funk 
lower  than  — 6o°,  feldom  fo  low,  in  the  thermometer,  and 
but  little  below  the  point  of  mercurial  congelation  in  the 
tubes  of  the  thermometer  glaffes  filled  nearly  up  to  the  orifice, 
with  a view  to  fhew  the  con  trad  ion  of  mercury  in  becoming 
folid  by  its  great  defcent  in  the  tube.  On  refleding  on  this 
circumftance  afterwards,  it  occurred  to  me,  that  the  further 
defcent  of  the  mercury  in  thefe  experiments  was  prevented  not 
folely  by  the  mercury  freezing  in  the  tube,  the  caufe  com- 
monly afiigned,  but  rather  by  the  quick  formation  of  a fpheri- 
cal  fhell  of  folid  mercury  within  the  bulb,  by  the  fudden 
generation  of  cold. 

Dr.  Beddoes  exprefling  a defire  to  exhibit  folid  mercury  at 
his  Ledure  before  his  Clafs,  I undertook  to  freeze  fome  at  the 
Laboratory  on  March  12th  lad,  and  now  refolved  to  fatisfy 
myfelf  refpeding  the  caufe  which  prevented  the  lower  defcent 
of  the  mercury  in  my  former  experiments.  In  this,  as  well  as 
the  former,  the  mercury  in  a thermometer  graduated  to  — 6o°, 
and  likewife  in  a thermometer  glafs,  filled  nearly  to  the  orifice, 
which  lengthened  its  ficale  to  near  — 2500,  funk  only  a few 
degrees  below  the  point  of  mercurial  congelation,  and  then 
remained  ftationarv.  After  waiting  fome  time,  I took  the 
thermometer  out  of  the  mixture,  and  obferved  the  bulb  appa- 
rently, full,  and  the  fhort  thread  of  mercury  above  unbroken. 

I i 2 I now 
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I now  embraced  the  lower  part  of  the  tube  with  my  hand  a 
few  feconds,  refting  it  upon  the  upper  part  of  the  bulb  ; and 
upon  taking  it  away,  I found  that. the  whole  of  the  mercury 
had  iubfided. into  the  bulb,  which  it  did  not  now  quite  fill,,  a 
fmall  fpace  at  the  top  of  the  bulb  remaining  empty.  I them 
took  out  the  thermometer  glafs,  and  applied  my  hand  to  the 
tube ; but  the  mercury  remained  ftationary  until  I funk  my 
hand  fo  as  to  communicate  heat  to  that  part  of  the  bulb  which 
is  immediately  connected  with  the  tube,  when  the  thread  of 
mercury  dropped  entirely  into  the  bulb.  It  was  now  im- 
merfed  again  for  a Ihort  time,  then  taken  out,  and  the  (hell  of 
glafs  beaten  off,  which  expofed  a globe,  of  folid  mercury,  nearly 
an  inch  in  diameter.  This  bore  feveral  very  fmart  ftrokes  with, 
a hammer  before  it  began  to  liquify,  but. was  not  perfectly 
malleable. 

In  the  courfe  of  thefe  experiments,  feveral  fragments  of  the 
folid  mercury  were  thrown  into  mercury  in  its  ordinary  liquid 
ftate,  and  were  found,  to  fink  with  confiderable  celerity. 

In  continuing  my  refearches  refpe£ting  the  means  of  pro*- 
ducing  artificial  cold,  I have  found  that  phofphorated  natron  * 
produces  rather  more  cold  by  folution  in  the  diluted  nitrous 
acid  than  the  vitriolated  natron i 

At  the  temperature  of + 50%  four  parts  of  the  diluted  ni- 
trous acid  (prepared  by  mixing  ftrong  nitrous  acid  with  half  its 

weight  of  water)*  required  eight  parts  of  that  neutral  fait  in* 

* 

fine  powder  to  be  added,  in  order  tocaufe  the  thermometer  to. 
fink,  to 6° ; and  again*  by  the  addition  of  five  parts  of  ni- 
trated ammonia  in  fine  powder,  the  thermometer  funk  fb  low 
as  —1 6°,  in  the  whole  fixty-fix  degrees* 

A mixture  of  this  kind  made  the  thermometer  fink  from  80® 
((he,  temperature  of  the  materials  before  mixing)  to  o°. 


I,- was- 
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I was  dire&ed  to  the  trial  of  this  fait,  by  the  like  remarkable 
fenfation  of  coldnefs  without  pungency,  which,  with  its 
other  fimilar  properties  to  ice,  firft  induced  me,  whilft  pur* 
fuing  the  fubjeft  of  cold,  to  try  the  effefit  of  difiolving  the 
vitriolated  natron  in  the  mineral  acids. 

Equal  quantities,  by  weight,  of  phofphorated  natron  and 
vitriolated  .natron*  were  evaporated  feparately  over  a gentle  fire, 
until  each  was  reduced  to  a perfeftly  dry  powder.  I then 
weighed  them,  and  found  the  refiduum  of  the  phofphorated 
natron,  fomewhat.  lighter  than  that  of  the  vitriolated  natron  ; 
from  whence  it  is  probable  the  former  contains  the  greatefb 
quantity  of  water  of  cryftallization. 

I have  found,  that  each  of  the  neutral  falts  tvhich  produce 
any  remarkable  degree  of  cold  by  folution  in  the  mineral  acids, 
viz*,  phofphorated  natron,,  vitriolated  natron,  and  vitriolated 
magnefia,  lofe  this  property  entirely,,  when  deprived,  by  any 
means  of  their  water  of  cryftallization. 

A fhort  time  after  I had  firft  fucceeded  in  freezing  water  in. 
fummer,  by  one  mixture  compofed  of  three  different  falts  in 
water  (having  been  induced  to  try  the  effecft  of  fuch  a method,, 
from  the  confideration  that  water,  already  faturated  with  one 
kind  of  fait,  will  diffolve  a portion  of  another,  and  after  that 
a third,  or  even  more),  I met  with  the  account  of  an  experi— 
ment  made  by  M.  Homberg,  related  in  one  of  the  earlier 
Volumes  of  the  PhilofophicaLTranfa&ions,  in  which  it  is  faid 
he  produced  an  extraordinary  degree  of  cold,  by  pouring  a pint 
and  a half  of  diftilled  vinegar  upon  two  pounds  of  a powder, 
compofed  of  equal  parts  of  crude  fal  ammoniac  and  corrofive 
fublimate,  and  fhaking  them  well  together.  I immediately 
(July  30,  1786),  prepared  a mixture  of  this  kind  in  fmaller 
quantity,,  but  found  it  produced  only  thirty-two  degrees  of 

cold,. 
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cold,  the  temperature  of  the  air  and  materials  before  mixing 
being  63°;  which  is  no  more  than  I have  found  may  be  effected 
by  a folution  in  water  of  crude  fal  ammoniac  alone,  pre- 
vioufly  dried  and  powdered. 

By  a trial  made  with  great  accuracy,  I find,  that  even  the 
mixture  compofed  of  diluted  vitriolic  acid  and  vitriolated  na- 
tron is  adequate  to  any  ufeful  purpofe  that  may  be  required  in 
the  hotted:  country  ; for,  by  adding  eleven  parts  of  the  fait  in 
fine  powder  to  eight  parts  of  the  vitriolic  acid  diluted  with 
an  equal  weight  of  water,  the  thermometer  funk  from  8o°, 
the  mean  temperature  of  the  hotted:  climate,  and  to  which 
thefe  materials  were  purpofely  heated  before  mixing,  to  rather 
below  200. 

Vitriolated  natron,  added  to  the  marine  acid  undiluted,  pro- 
duces very  nearly  as  great  a degree  of  cold  as  when  mixed  with 
the  diluted  nitrous  acid.  At  the  temperature  of  50°,  two 
parts  of  the  acid,  require  three  parts  of  the  fait  in  fine  pow- 
der, which  will  fink  the  thermometer  to  o°  ; and  if  three  parts 
of  a mixed  powder,  containing  equal  parts  of  muriated  am- 
monia and  nitrated  kali,  be  added  afterwards,  the  cold  of  the 
mixture  will  be  increafed  a few  degrees  more. 

The  frigorific  mixture  above  defcribed,  compofed  of  phof- 
phorated  natron  and  nitrated  ammonia  diffolved  in  the  diluted 
nitrous  acid,  being  the  moft  powerful,  it  will  probably  be 
found  moft  convenient  for  freezing  mercury,  when  fnow  is 
not  to  be  procured.  The  materials  for  this  purpofe  may  be 
previoufly  cooled  in  mixtures  made  of  marine  acid  with  vitri- 
olated natron,  muriated  ammonia,  and  nitrated  kali,  in  the 
proportions  mentioned  above,  this  being  much  cheaper  than 
thofe  made  with  diluted  nitrous  acid,  and  very  nearly  equal  in 
effedt. 
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In  my  laft  Paper  I mentioned  a freezing  mixture,  made  by 
diffolving  a powder  compofed  of  equal  parts  of  muriated  am- 
monia and  nitrated  kali  in  water,  and  therein  dire&ed  fix  parts 
of  the  mixed  powder  to  be  added  to  eight  parts  of  water;  but 
I have  found  fince,  that  the  beft  proportions  are,  five  parts  of 
the  former  to  eight  of  the  latter,  by  which  I have  funk  the 
thermometer  from  ^o°  to  ii°. 

Having  now  profecuted  my  fubjedt  relative  to  mixtures  for 
generating  artificial  cold  without  the  ufe  of  ice,  from  a poffible 
method  propofed  by  Dr.  Watson  (Effays,  Vol.  III.  p.  139.), 
for  freezing  water  in  fummer  in  this  climate,  and  carried  it  on 
to  a certain  method  of  freezing,  not  only  water,  but  even 
mercury,  in  fhe  hotteft  climate,  I now  intend  to  take  my  leave 
of  it. 

I have  the  honour  to  be,  &c. 

RICHARD  WALKER. 
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XX.  Catalogue  of  a fecond  Thou  fund  of  new  Nebula  and  Cla • 
Jier s of  Stars ; with  a few  introductory  Remarks  on  the  Con - 
JlruEtion  of  the  Heavens.  By  William  Herfchel,  L L.  D* 
B.  R.  S • 


Read  June  ii,  1789. 

BY  the  continuation  of  a review  of  the  heavens  with  my 
twenty-feet  refle&or,  I am  now  furnifhed  with  a fecond 
thoufand  of  new  Nebulae. 

Thefe  curious  obje&s,  not  only  on  account  of  their  number, 
tut  alfo  in  confideration  of  their  great  confequence,  as  being 
no  lefs  than  whole  fidereai  fyftems,  we  may  hope,  will  in  future 
engage  the  attention  of  Aftronomers.  Witt  a view  to  induce 
them  to  undertake  the  neceflary  obfervations,  I offer  them  the 
following  catalogue,  which,  like  my  former  one,  of  which  it 
is  a continuation,  contains  a (hort  defcription  of  each  nebula  or 
clufter  of  ftars,  as  well  as  its  fituation  with  refpe<3:  to  fome 
known  object. 

The  form  of  this  work,  it  will  be  feen,  is  exactly  that  of 
the  former  part,  the  claffes  and  numbers  being  continued,  and 
the  fame  letters  ufed  to  exprefs,  in  the  fhorteft  way,  as  many 
effential  features  of  the  objects  as  could  poflibly  be  crowded  into 
fo  final!  a compafs  as  that  to  which  I thought  it  expedient  to 
limit  myfelf. 

The  method  I have  taken  of  analyzmg  the  heavens,  if  I may 
fo  exprefs  myfelf,  is  perhaps  the  only  one  by  which  we  can 

arrive 
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'Arrive  at  a knowledge  of  their  conftrudtion.  In  the  profecution 
of  fo  extenfive  an  undertaking,  it  may  well  be  fuppofed  that 
many  things  rauft  have  been  fuggefted,  by  the  great  variety  in 
the  order,  the  fize,  and  the  compreflion  of  the  ftars,  as  they 
prefented  themfelves  to  my  -view,  which  it  will  not  he  improper 
to  communicate. 

To  begin  our  xnveftigation  according  to  fome  order,  let  us 
depart  from  the  obje&s  immediately  around  us  to  the  molt 
remote  that  our  telefcopes,  of  the  greateft  power  to  penetrate 
into  [pace , can  reach.  We  (hall  touch  but  (lightly  on  things 
that  have  already  been  remarked. 

From  the  earth,  conlidered  as  a planet,  and  the  moon  as  its 
Satellite,  we  pafs  through  the  region  of  the  reft  of  the  pla- 
nets, and  their  fatelktes.  The  fimiiarity  between  all  thefe 
bodies  is  fufficiently  ftriking  to  allow  us  to  comprehend  them 
under  one  general  definition,  of  bodies  not  luminous  in  them- 
felves,  revolving  round  the  fun.  The  great  diminution  of 
light,  when  reflected  from  fuch  bodies,  efpecially  when  they 
are  alfo  at  a great  diftance  from  the  light  which  illuminates 
them,  precludes  all  poflibility  of  following  them  a great  way 
into  fpace.  But  if  we  did  not  know  that  light  diminilhes 
as  the  fquares  of  the  diftances  encreafe,  and  that  moreover  in 
■every  reflection  a very  confiderable  part  is  intirely  loft,  the 
motion  of  comets,  whereby  the  fpace  through  which  they  run  is 
meafured  out  to  us,  while  on  their  return  from  the  fun  we  fee 
them  gradually  difappear  as  they  advance  towards  their  aphe- 
lia,  would  be  fufficient  to  convince  us  that  bodies  Alining  only 
with  borrowed  light  can  never  be  feen  at  any  very  great 
diftance.  This  confideration  brings  us  back  to  the  fun,  as  a 
refulgent  fountain  of  light,  whilft  it  eftablifties  at  the  fame 
time  beyond  a doubt  that  every  ftar  muft  likewife  be  a fun, 
Vql.  LXXIX.  K k ‘ fhin- 
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fhining  by  its  own  native  brightnefs.  Here  then  we  come 
to  the  mbre  capital  parts  of  the  great  conftruCtion. 

Thefe  funs,  every  one  of  which  is  probably  of  as  much 
confequence  to  a fyftem  of  planets,  fatellites-,  and  comets,  as 
our  own  fun,  are  now  to  be  confidered,  in  their  turn,  as  the 
minute  parts  of  a proportionally  greater  whole.  I need  not 
repeat  that  by  my  analyfis  it  appears,  that  the  heavens  confift 
of  regions  where  funs  are  gathered  into  feparate  fyftems,  and 
that  the  catalogues  1 have  given  comprehend  a lift  of  fuch 
fyftems;  but  may  we  not  hope  that  our  knowledge  will  not 
flop  fhort  at  the  bare  enumeration  of  phenomena  capable  of 
giving  us  fo  much  inflruCtion  ? Why  fhould  we  be  lefs  inquifi- 
tive  than  the  natural  philofopher,  who  fometimes,  even  from 
an  inconftderable  number  of  fpecimens  of  a plant,  or  an 
animal,  is  enabled  to  prefent  us  with  the  hiftory  of  its  rife, 
progrefs,  and  decay?  Let  us  then  compare  together,  and 
clafs  fome  of  thefe  numerous  fidereal  groups,  that  we  may 
trace  the  operations  of  natural  caufes  as  far  as  we  can  perceive 
their  agency.  The  moft  fimple  form,  in  which  we  can  view 
a fidereal  fyftem,  is  that  of  being  globular.  This  alfo,  very 
favourably  to  our  defign,  is  that  which  has  prefented  itfelf 
moft  frequently,  and  of  which  I have  given  the  greateft 
collection. 

But,  firft  of  all,  it  will  be  neceflary  to  explain  what  is  our 
idea  of  a clufter  of  ftars,  and  by  what  means  we  have  obtained 
it.  For  an  inftance,  I {hall  take  the  phenomenon  which  pre- 
fents  itfelf  in  many  clufters : It  is  that  of  a number  of  lucid 
lpots,  of  equal  luftre,  fcattered  over  a circular  fpace,  in  fuch 
a manner  as  to  appear  gradually  more  compreffed  towards  the 
middle;  and  which  compreffion,  in  the  clufters  to  which  I 
allude,  is  generally  carried  fo  far,  as,  by  imperceptible  degrees, 

to 
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to  end  in  a luminous  center,  of  a refolvable  blaze  of  light.  To 
folve  this  appearance,  it  may  be  conjedtured,  that  ftars  of  any 
given,  very  unequal  magnitudes,  may  eafily  be  fo  arranged,  in 
fcattered,  much  extended,  irregular  rows,  as  to  produce  the 
above  defcribed  pidture ; or,  that  ftars,  fcattered  about  almoft 
promifcuoufly  within  the  fruftum  of  a given  cone,  may  be 
affigned  of  fuch  properly  diverfified  magnitudes  as  alfo  to  form 
the  fame  pidture.  But  who,  'that  is  acquainted  with  the  doc- 
trine of  chances,  can  ferioufly  maintain  fuch  improbable  con- 
jedlures  ? To  confider  this  only  in  a very  coarfe  way,  let  us 
fuppofe  a clufter  to  confift  of  5000  ftars,  and  that  each  of 
them  may  be  put  into  one  of  5000  given  places,  and  have  one 
of  5000  afligned  magnitudes.  Then,  without  extending  our 
^calculation  any  further,  we  have  five  and  twenty  millions  of 
chances,  out  of  which  only  one  will  anfwer  the  above  impro- 
bable conjedture,  while  all  the  reft  are  againft  it.  When  we 
now  remark  that  this  relates  only  to  the  given  places  within 
"the  fruftum  of  a fuppofed  cone,  whereas  thefe  ftars  might 
have  been  fcattered  all  over  the  vifible  fpace  of  the  heavens; 
that  they  might  have  been  fcattered,  even  within  the  fuppofed 
cone,  in  a million  of  places  different  from  the  affirmed  ones, 
the  chance  of  this  apparent  clufter  s not  being  a real  one,  will 
be  rendered  fo  highly  improbable  that  k ought  to  be  intirely 
rejedled. 

Mr,  Michell  computes,  with  refpedt  to  the  fix  brighteft  ftars 
of  the  Pleiades  only,  that  the  odds  are  near  500000  to  1 that 
mo  fix  ftars,  out  of  the  number  of  thofe  which  are  equal  in 
fplendour  to  the  fainteft  of  them,  fcattered  at  random  in  the 
whole  heavens,  would  be  within  fo  fmall  a diftance  from  each 
other  as*  the  Pleiades  are 

* 'Phil,  Tranf.  vol.  LVII,  p.  246; 
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Taking  it  then  for  granted  that  the  ftars  which  appear  to  he 
gathered  together  in  a group  are  in  reality  thus  accumulated, 

I proceed  to  prove  alfo  that  they  are  nearly  of  an  equal  mag- 
nit  udev 

The  clufter  itfelf,  on  account  of  the  fmall  angle  it  fubtend3 
to  the  eye,  we  muft  fuppofe  to  be  very  far  removed  from  us» 
For,  were  the  ftars  which  compofe  it  at  the  fame  diftance  from 
one  another  as  Sirius  is  from  the  fun  ; and  fuppofng  the  clutter 
to  be  feen  under  an  angle  of  io  minutes,  and  to  contain  50 
ftars  in  one  of  its  diameters,  we  fhould  have  the  mean  diftance 
of  fuch  ftars  twelve  feconds  ; and  therefore  the  diftance  of 
the  clufter  from  us  about  feventeen  thoufand  times  greater  than 
the  diftance  of  Sirius.  Now,  fince  the  apparent  magnitude  of 
thefe  ftars  is  equal,  and  their  diftance  from  us  is  alfo  equal, — 
becaufe  we  may  fafely  negledt  the  diameter  of  the  clufter, 
which,  if  the  center  be  feventeen  thoufand  times  the  diftance 
of  Sirius  from  us,,  will  give  us  feventeen  thoufand  and  twenty- 
five  for  the  fartheft*  and  feventeen  thoufand  wanting  twenty-five 
for  the  neareft  ftar  of  the  clufter; — it  follows  that  we  muft 
either  give  up  the  idea  of  a clufter,  and  recur  to  the  above 
refuted  fuppofition,  or  admit  the  equality  of  the  ftars  that 
compofe  thefe  clufters.  It  is  to  be  remarked  that  we  do  not 
mean  intirely  to  exclude  all  variety  of  fize ; for  the  very  great 
diftance,  and  the  confequent  fmallnefs  of  the  component 
cluftering  ftars,  will*  not  permit  us  to  be  extremely  precife  in 
the  eftimation  of  their  magnitudes ; though  we  have  certainly 
feen  enough,  of  them  to  know  that  they  are  contained  within 
pretty  narrow  limits ; and  do  not,  perhaps,  exceed  each  other 
in  magnitude  more  than  in  fome  fuch  proportion  as  one  full- 
grown  plant  of  a certain  fpecies  may  exceed  another  full-grown 
plant  of  the  fame  fpecies, 
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If  we  have  drawn  proper  conclufions  relating  to  the  fize  of 
ftars,  we  may  with  ftill  greater  fafety  fpeak  of  their  relative 
fituations,  and  affirm  that  in  the  fame  diftances  from  the  center 
an  equal  fcattering  takes  place.  If  this  were  not  the  cafe,  the 
appearance  of  a clufter  could  not  be  uniformly  encrealing  in 
brightnefs  towards  the  middle,  but  would  appear  nebulous  in 
thole  parts  which  were  more  crowded  with  ftars ; but,  as  far' 
as  we  can  diftinguifh,  in  the  clufters  of  which  we  fpeak,  every 
concentric  circle  maintains  an  equal  degree  of  compreflion,  as 
long  as  the  ftars  are  vifible  ; and  when  they  become  too  crowded  * 
to  be  diftinguifhed,  an  equal  brightnefs  takes  place,  at  equal 
diftances  from  the  center,  which  is  the  mo  ft  luminous  part* 

The  next  ftep'immy  argument  will  be  to  fhew  that  thefe 
clufters  are  of  a globular  form.  This  again  we  reft  on  the 
found  dodtrine  of  cnances.  Here,  by  way  of  ftrength  to  our 
argument,  we  may  be  allowed  to  take  in  all  round  nebulae, 
though  the  reafons  we  have  for  believing  that  they  confift  of  ftars 
have  not  as  yet  been,  entered  into.  For,  what  I have  to  fay 
concerning  their  fpherical  figure  will  equally  hold  good  whether 
they  be  groups  of  ftars  or  not.  in  my  catalogues  we  have,  I 
fuppofe,  not  lefs  than  one  thoufand  of  thefe  round  objects# 
Now,  whatever  may  be  the  fhape  of  a group  of  ftars,  or  of  a 
Nebula,  which  we  would  introduce  inftead  of  the  fpherical 
one,  fuch  as  a cone,  an  ellipfis,  a fpheroid,  a circle  or  a cylin^ 
der,  it  will  be  evident  that  out  of  a thoufand  fituations,,  which 
the  axes  of  fuch  forms  may  have,  there  is  but  one  that  can 
anfwer  the  phenomenon  for  which  we  want  to. account;,  and' 
that  is,  when  those  axes  are  exactly  in  aline  drawn  from  the 
objedt  to  the  place  of  the  obferver.  Here  again  we  have  a 
million  of  chances  of  which  all  but  one  are  againft  any  other 
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Tiypothefis  than  that  which  we  maintain,  and  which,  for  this 
reafon,  ought  to  be  admitted. 

The  laft  thing  to  be  inferred  from  the  above  related  appear- 
ances is,  that  thefe  clutters  of  ftarsare  more  condenled  towards 
the  center  than  at  the  furface.  If  there  fhould  be  a group  of 
ttars  in  a fpherical  form,  confifting  of  fuch  as  were  equally 
fcattered  over  all  the  affigned  fpace,  it  would  not  appear  to  be 
very  gradually  more  comprefled  and  brighter  in  the  middle; 
much  lefs  would  it  feem  to  have  a bright  nucleus  in  the  center. 
A fpherical  clutter  of  an  equal  compreffion  within, — for  that 
fuch  there  are  will  be  feen  hereafter, — may  be  diftinguifhed  by 
the  degrees  of  brightnefs  which  take  place  in  going  from  the 
center  to  the  circumference.  Thus,  when  a is  the  brightnefs 

in  the  center,  it  will  be  \J  a — at  any  other  diftance  x from 
the  center.  Or,  putting  a=i9  and  #2= any  decimal  fraftion; 
then,  in  a table  of  natural  fines,  where  x is  the  fine,  the 
brightnefs  at  x will  be  exprefled  by  the  cofine.  Now,  as  a 
gradual  encreafe  of  brightnefs  does  not  agree  with  the  degrees 
calculated  from  a fuppofition  of  an  equal  fcattering,  and  as  the 
clutter  has  been  proved  to  be  fpherical,  it  mutt  needs  be  ad- 
mitted that  there  is  indeed  a greater  accumulation  towards  the 
center.  And  thus,  from  the  above-mentioned  appearances,  we 
come  to  know  that  there  are  globular  clutters  of  ttars  nearly 
equal  in  fize,  which  are  fcattered  evenly  at  equal  diftances 
from  the  middle,  but  with  an  encreafing  accumulation  towards 
'the  center. 

We  may  now  venture  to  raife  a fuperftrufture  upon  the 
arguments  that  have  been  drawn  from  the  appearance  of 
clutters  of  ttars  and  nebulae  of  the  form  I have  been  examining, 
which  is  that  of  which  I have  made  mention  in  my  “ fbeoreti - 
7 44  cal 
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li  cal  view — Formation  of  Nebulae— Form  1*.*’  It  is  to  be  re- 
marked that  when  I wrote  the  paragraph  I refer  to,  I delineated 
nature  as  well  as  I do  now;  but,  as  I there  gave  only  a general 
fketch,  without  referring  to  particular  cafes,  what  I then  de- 
livered may  have  been  looked  upon  as  little  better  than  hypo- 
thetical reafoning,  whereas  in  the  prefent  inftance  this  objec- 
tion is  intirely  removed,  fince  adlual  and  particular  facts  are 
brought  to  vouch  for  the  truth  of  every  inference. 

Having  then  eftablifhed  that  the  clufters  of  ftars  of  the  ift 
Form,  and  round  nebulae,  are  of  a fpherical  figure,  I think 
myfelf  plainly  authorized  to  conclude  that  they  are  thus  formed 
by  the  aftion  of  central  powers.  To  manifeft  the  validity  of 
this  inference,  the  figure  of  the  earth  may  be  given  as  an 
infiance ; whofe  rotundity,  fetting  afide  fmall  deviations,  the 
eaufes  of  which  are  well  known,  is  without  hefitation  allowed 
to  be  a phenomenon  decifively  eftabliftiing  a centripetal  force. 
Nor  do  we  ftand  in  need  of  the  revolving  Satellites  of  Jupiter, 
Saturn,  a’nd  the  Georgiutn  Sidus,  to  aflfure  us  that  the  fame 
powers  are  likewife  lodged  in  the  maffes  of  thefe  planets. 
Their  globular  figure  alone  muft  be  admitted  as  a fuffieient 
argument  to  render  this  point  uncontrovertible.  We  alfo! 
apply  this  inference  with  equal  propriety  to  the  body  of  the 
fun,  as  well  *as  to  that  of  Mercury,  Venus,  Mars,  and  the 
Moon  ; as  owing  their  fpherical  fhape  to  the  fame  caufe.  And 
ho  w can  we  avoid  inferring,  that  the  conftruftion  of  the  clufters 
of  ftars,  and  nebulae  likewife,  of  which  we  have  been  fpeak-' 
ing,  is  as  evidently  owing  to  central  powers  ? 

Befides,  the  ftep  that  I here  make  in  my  inference  is  in  fa£t 
a very  eafy  one,  and  fuch  as  ought  freely  to  be  granted.  Have 
I not  already  (hewn  that  thefe  clufters  cannot  have  come  to 
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their  prefent  formation  by  any  random  fcattering  of  ftars? 
The  do&rine  of  chance,  by  expofing  the  very  great  odds 
againft  fuch  hypothefes,  may  be  faid  to  demonftrate  that  the 
ftars  are  thus  aflembled  by  fome  power  or  other.  Then,  what 
do  I attempt  more  than  merely  to  lead  the  mind  to*. the  condi- 
tions under  which  this  power  is  feen  to  a £1  ? 

In  a cafe  of  fuch  confequence  I may  be  permitted  to  be  a 
little  more  diffufe,  and  draw  additional  arguments  from  the 
internal  conftrudtion  of  fpherical  clufters  and  nebulae.  If  we 
find  that  there  is  not  only  a general  form,  which,  as  has  been 
proved,  is  a fuffieient  manifeftation  of  a centripetal  force, 
what  (hall  we  fay  when  the  accumulated  condenfation,  which 
every  where  follows  a direction  towards  a center,  is  even  vifible 
to  the  very  eye?  Were  we  nor  already  acquainted  with  attrac- 
tion, this  gradual  condenfation  would  point  out  a central 
power,  by  the  remarkable  difpofition  of  the  ftars  tending 
towards  a center.  In  confequence  of  this  vifible  accumulation, 
whether  it  may  be  owing  to  attradfion  only,  or  whether  other 
powers  may  affift  in  the  formation,  we  ought  not  hefitate  to 
afcribe  the  effe<ft  to  fuch  as  are  central ; no  phenomena  being 
more  decifive  in  that  particular,  than  thofe  of  which  I am 
treating. 

I am  fully  aware  of  the  confequences  I {hall  draw  upon 
myfelf  in  but  mentioning  other  powers  that  might  contribute 
to  the  formation  of  clufters.  A mere  hint  of  this  kind,  it  will 
be  expelled,  ought  not  to  be  given  without  fuffieient  founda- 
tion; but  let  it  fuffice  at  prefent  to  remark  that  my  arguments 
cannot  be  affe£ted  by  my  terms : whether  I am  right  to  ufe  the 
plural  number,. — central  powers,  — or  whether  I ought  only  to 
fay>“th.e  known  central  force  of  gravity, — my  conclufio.ns  will 
fie  equally  valid.  I will  however  add,  that  the  idea  of  other 
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central  powers  being  concerned  in  the  conftruftion  of  the  fide- 
real  heavens,  is  not  one  that  has  only  lately  occurred  to  me.  * 
Long  ago  1 have  entertained  a certain  theory  of  diverfified  cen- 
tral powers  of  attractions  and  repulfions;  an  expofition  of 
which  1 have  even  delivered  in  the  years  1780,  and  1781,  to* 
the  Philofophical  Society  then  exifting  at  Bath,,  in  feveral: 
mathematical  papers  upon  that  fubjedt.  I fliall,  however,  fet 
afide  an  explanation  of  this  theory,,  which  would  not  only 
exceed  the  intended  limits  of  this  paper,  but  is  moreover  not 
required  for  what  remains  at  prefent  to  be  added,  and  therefore 
may  be  given  fome  other  time,  when  I can  enter  more  fully  / 
into  the  fubjedi  of  the  interior  con  ftrudtion  of  fide  real  fyftems. . 

To  return,  then,  to  the  cafe  immediately  under  our  prefent 
confideration,  it  will  be  fofficienfc>  that  I have  abundantly  - 
proved  that  the  formation  of  round  clufters  of  ftars  and  nebula  : 
is  either  owing  to  central  powers,  or  at  leaft  to  one  fuch  force 
as  refers  to  a center. 

I (hall  now  extend  the  weight  of  my  argument,  by  taking 
in  likewife  every  clufter  of  ftars  or  nebula  that  fhews  a gradual 
condenfation,  or  encreafing  brightnefs,  towards  a center  or 
certain  point;  whether  the  outward  fhape  of  fuch  clufters  or 
nebulae  be  round,  extended,  or  of  any  other  given  form* 
What  has  been  faid  with  regard  to  the  dodtrinc  of  chance,  will  ; 
of  courfe  apply  to  every  clufter,  and  more  efpecially  to  the  ; 
extended  and  irregular  fliaped  ones,  on  account  of  their  greater 
fize:  It  is  among  thefe  that  we  find  the  largeft  affemblages  of 
ftars,  and  mod  diffufive  nebulofities ; and  therefore  the  odds 
againft  fuch  affemblages  happening  without  fome  particular 
power  to  gather  them,  encreafe  exceedingly  with  the  number 
of  the  ftars  that  are  taken  together.  But  if  the  gradual  accu-  - 
mulation  either  of  ftars  or  encreafing  brightnefs  has  before 
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been  admitted  as  a direction  to  the  feat  of  power,  the  fame 
effect  will  equally  point  out  the  fame  caufe  in  the  cafes  now 
under  con  fide  ration.  There  are  befides  fome  additional  circum- 
ftances  in  the  appearance  of  extended  clufters  and  nebulae, 
that  very  much  favour  the  idea  of  a power  lodged  in  the 
brighteft  part.  Although  the  form  of  them  be  not  globular, 
it  is  plainly  to  be  feen  that  there  is  a tendence  towards  fphericity, 
by  the  fweli  of  the  dimenfions  the  nearer  we  draw  towards 
the  mod  luminous  place,  denoting  as  it  were  a courfe,  or  tide 
©f  ftars,  fetting  towards  a center.  And — it  allegoral  expreffi- 
ons  may  be  allowed — it  fhould  feem  as  if  the  ftars  thus  flocking 
towards  the  feat  of  power  were  ftemmed  by  the  crowd  of  thofe 
already  aflembled,  and  that  while  fome  of  them  are  fuccefsful 
in  forcing  their  predeceflbrs  fideways  out  of  their  places,  others 
are  themfelves  obliged  to  take  up  with  lateral  fituations,  while 
all  of  :them  feem  equally  to  ftrive  for  a place  in  the  central 
fwelling,  and  generating  fpherical  figure. 

Since  then  almoft  all  the  nebulas  and  clufters  of  ftars  I have 
feen,  the  number-of  which  is  not  lefs  than  three  and  twenty  hun- 
dred, are  more  conden fed  and  brighter  in  the  middle;  and  fince, 
from  every  form,  it  is  now  equally  apparent  that  the  central 
accumulation  or  brightnefs  muftbe  the  refultof  central  powers, 
we  may  venture  to  affirm  that  this  theory  is  no  longer  an  un- 
founded hypothefis,  but  is  fully  eftablifhed  on  grounds  which 
cannot  be  overturned. 

Let  us  endeavour  to  make  fome  ufe  of  this  important  view 
of  the  conftru&ing  caufe,  which  can  thus  model  fidereal 
fyftemSo  Perhaps,  by  placing  before  us  the  very  extenfive  and 
varied  colle&ion  of  clufters,  and  nebulas  furniflied  by  my  cata- 
logues, we  may  be  able  to  trace  the  progrefs  of  its  operation, 
in  the  great  laboratory  of  the  Univerfe. 

if 
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If  thefe  clufters  and  nebulae  were  all  of  the  fame  ftiape,  and 
had  the  fame  gradual  condensation,  we  fhould  make  but  little 
progrefs  in  this  inquiry;  but,  as  we  find  fo  great  a variety  in 
their  appearances,  we  (hall  be  much  fooner  at  a lofs  how  to 
account  for  fuch  various  phenomena,  than  be  in  want  of  ma- 
terials upon  which  to  exercife  our  inquifitive  endeavours. 

Some  of  thefe  round  clufters  confift  of  ftars  of  a certain 
magnitude,  and  given  degree  of  compreflion,  while  the  whole 
clufter  itfelf  takes  up  a fpace  of  perhaps- 10  minutes;-  others 
appear  to  be  made  up  of  ftars  that  are  much  fmaller,  and 
much  more  compreffed,  when  at  the  fame  time  the  clufter1 
itfelf  fubtends  a much  fmaller  angle,  fuch  as  yminutes.  This 
diminution  of  the  apparent  fize,  and-  compreflion  of  ftars,  as 
well  as  diameter  of  the  clufter  to  4,  3,  2 minutes,  may  very 
confiftently  be  afcribed  to  the  different  diftances  of  thefe  clu- 
fters from  the  place  in  which  we  obferve  them  ; in  all  which 
cafes  we  may  admit  a general  equality  of- the  fizes,  and  com- 
preflion of  the  ftars  that  compofe  them,  to  take  place.  It  is 
alfo  highly  probable  that  a continuation  of  fuch  decreafing 
magnitudes,  and  enereafing  compreflion',  will  juftly  account 
for  the  appearance  of  round,  eafily  refolvable,  nebulae ; where 
there  is-  almoft  a certainty  of  their  being'  clufters  of  ftars. 
And  no  Aftronomer  can  hefitate  to  go  ftill  farther,  and  extend 
his  furmifes  by  imperceptible  fteps  to  other  nebulas,  that  ftill* 
preferve  the  fame  charafteriftics,  with  the  only  variations  of 
vaniftiing  brightnefs,  and  reduction  of  fize. 

Other  clufters  there  are  that,  when  they  come  to  be  com- 
pared with  fome  of  the  former,  feem  to  contain  ftars  of  air 
equal  magnitude,  while  their  compreflion  appears  to  be  confi- 
derably  different.  Here  the  fuppofition  of  their  being  at  dif- 
ferent diftances  will  either  not  explain  the  apparently  greater 
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- comprefiion,  or,  if-  admitted  to  do  this,  will  convey  to  us  a 
very  inftructive  confequence  : which  is,  that  the  ftars  which 
are  thus  fuppofed  not  to  be  more  comprefled  than  thofe  in 
the  former  clufler,  but  only  to  appear  fo  on  account  of  their 
greater  diftance,  muft  needs  be  proportionally  larger,  fince 
they  do  not  appear  of  lefs  magnitude  than  the  former.  As 
therefore,  one  or  other  of  thefe  hypothefes  muft  be  true,  it  is 
not  all  improbable  but  that,  in  fome  inftances,  the  ftars  may  be 
rmore  comprefled;  and  in  others,  of  a greater  magnitude. 
This  variety  of  fize,  in  different  fpherical  clufters,  lam  how- 
<ever  inclined  to  believe,  may  not  go  farther  than  the  difference 
In  fize,  found  among  the  individuals  belonging  to  the  fame 
fpecies  of  plants,  or  animals,  in  their  different  ftates  of  age, 
or  vegetation,  after  they  are  come  to  a certain  degree  of  growth. 
A farther  inquiry  into  the  circumftance  of  the  extent,  both  of 
condenfation  and  variety  of  fize,  that  may  take  place  with  the 
ftars  of  different  clufters,  we  fhall  poftpone  till  other  things 
have  been  previoufly  di  feu  fled. 

Let  us  then  continue  to  turn  out  view  to  the  power  which 
is  moulding  the  different  aflortments  of  ftars  into  fpherical 
clufters.  Any  force,  that  ads  uninterruptedly,  muft  produce 
effeds  proportional  to  the  time  of  its  adion.  Now,  as  it  has 
been  Ihewn  that  the  fpherical  figure  of  a clufter  of  ftars  is 
owing  to  central  powers,  it  follows  that  thofe  clufters  which, 
ceteris  paribus,  are  the  moft  compleat  in  this  figure,  muft  have 
been  the  longeft  expofed  to  the  adion  of  thefe  caufes.  This 
"will  admit  of  various  points  of  views.  Suppofe  for  inftance 
that  5O00  ftars  had  been  once  in  a certain  fcattered  fitua- 
tion,  and  that  other  5000  equal  ftars  had  been  in  the  fame 
fituation,  then  that  of  the  two  clufters  which  had  been  longeft 
expofed  to  the  adion  of  the  modelling  power,  we  fuppofe, 
y would 
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Would  be  mod  condenfed,  and  more  advanced  to  the  maturity 
of  its  figure.  An  obvious  confequcnee  that  may  be  drawn 
fro  m this  coniideration  is,  that  we  are  enabled  to  judge  of  the 
relative  age,  maturity,  or  climax  of  a fidereal  fyftem,  from  the 
difpofition  of  its  component  parts;  and,  making  the  degrees 
of  brightnefs  in  nebulae  {land  for  the  different  accumulation  of 
flars  in  chaffers,  the  fame  conclufions  will  extend  equally  to 
them  all.  But  we  are  not  to  conclude  from  what  has  been 
faid  that  every  fpherical  clufter  is  of  an  equal  Handing  in  re- 
gard to  abfolute  duration,  fince  one  that  is  compofed  of  a 
thoufand  ftars  only,  muff  certainly  arrive  to  the  perfedtion  of 
its  form  fooner  than  another,  which  takes  in  a range  of  a 
million.  Youth  and  age  are  comparative  expreflions ; and  an 
oak  of  a certain  age  may  be  called  very  young,  while  a co- 
temporary fhrub  is  already  on  the  verge  of  its  decay.  The 
method  of  judging  with  fome  aflurance  of  the  condition  of 
any  fidereal  fyftem  may  perhaps  not  improperly  be  drawn  from 
the  ftandard  laid  down  page  218;  fo  that,  for  inftance,  a, 
clufter  or  nebula  which  is  very  gradually  more  comprefied  and 
bright  towards  the  middle,  may  be  in  the  perfedlion  of  its 
growth,  when  another  which  approaches  to  the  condition, 
pointed  out  by  a more  equal  comprefiion,  fuch  as  the  nebulae 
I have  called  Planetary  feem  to  prefent  us  with,  may  be 
looked  upon  as  very  aged,  and  drawing  on  towards  a period  of 
change,  or  diffolution.  This  has  been  before  furmifed,  when* 
in  a former  paper,  I confidered  the  uncommon  degree  of  com- 
preffion  that  muft  prevail  in  a nebula  to  give  it  a planetary 
afpedt ; but  the  argument,  which  is  now  drawn  from  the 
powers  that  have  collected  the  formerly  fcattered  ftars  to  the 
form  we  find  they  have  affumed,  muft  greatly  corroborate  that 
fentiment* 
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This  method  of  viewing  the  heavens  feems  to  throw  them 
into  a new  kind  of  light.  They  now  are  feen  to  referable  a 
luxuriant  garden,  which  contains  the  greateft  variety  of  pro- 
ductions, in  different  flourifhing  beds ; and  one  advantage  we 
may  at  leaft  reap  from  it  is,  that  we  can,  as  it  were,  extend 
the  range  of  our  experience  to  an  immenfe  duration.  For,  to 
continue  the  fimile  I have  borrowed  from  the  vegetable  king- 
dom, is  it  not  almoft  the  fame  thing,  whether  we  live  fuc- 
ceffively  to  witnefs  the  germination,  blooming,  foliage,  fecun- 
dity, fading,  withering,  and  corruption  of  a plant,  or 
whether  a vaft  number  of  fpecimens,  feledted  from  every  ftage 
through  which  the  plant  paffes  in  the  courfe  of  its  exigence* 
be  brought  at  once  to  our  view  ? 

WILLIAM  HERSCHEL* 
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0 

20 

2 

Description-. 


cB.  cL.  IE.  gmbM.  iF. 
cB.  cL.  iR.  gmbM. 
vB.  L.  R.  mbM.not  er.  4 'dia. 
cB.  c.L.  IE.  iF.  mb  foil.  fide. 
cB.  cL.  iF.  mbM. 
cB.  pL.  IE.  iF.  mbM. 
f Two  ; the  1 ft,  cB.  cL.iE;  the2d? 
1 pB.  pL  iE.  Dift, i'  at  the  vertex. 
cB.  cL.  iR.  mbM* 
vB.  pS. 

cB.  L.  iR,  bM.  5'1.  4'b. 

vB.cL.lE.mbM.3'1.2'£b.bet.2pBft0 
cB.vL.iR.  bM.er.  5 or  6' dia. 
cB.  S. 
cB.  cL,  It. 
cB.  cL.  E.  mbM. 
eB.  mE.  par.  BN.  8 9'  1. 

cB.  pS.  mbM. 
vB.  pL.  bM. 
v brilliant.  iR.  vgmbM. 
vB.  IE.  mer.  BN.  and  F.  br.  2'i* 
cB.  E.  gbM.  5'  1.  4'b. 
cB.  pL.  IE.  vgbM.  i'J  diam. 
cB.  vS.  BN. 
cB.  7 or  8'  l,  3'  b. 
fTvvo;  both  cB.  cS.  R.  mbM1* 
\ Dift.  1' near.  mer.  chev.  mixed# 
vB.  R.  vfmbM.  chev.  3'  dia. 
cB.  R . pfmbM.  * See  note# 
eB.  vBN.  r.  6 or  7'  dia. 
cB.  pL.  mbM, 
vB.  cL.  E.  np  ff. 
cB.  pL.  iR.  gmbM. 
cB.  np.  pBft.  and  ciofe  to  it. 
cB.  cL,  R.  gmbM. 
j Two;  thep.pB.pL.E.Dift.3or4' 
[ fpnf.  Thef  cB.R.pL.Pla’ceof  2d. 
vB.  R.  gmbM.  2'§  dia. 
cB.  cL.  iR.  bM. 
cB.  pS.  IE.  er. 

cB.  R. vgmbM.  about  ir\  dia. 
cB.  cL.  R.  C,  vgmbM.  N. 
vB.  vS.R,  or  IE*  vBN.  1'ff.  feft 

*53 
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Stars. 

M. 

s. 

D.M. 

1 

Ob 

Defcription. 

j 

*53 

Sept.  20 

59  ( 2d  v)  Ceti 

P 

23 

16 

f 

0 

6 

I 

cB.  vL.  E.  fp  nf.  above  15'  i. 

154 

2 1 j 1 4 Triang. 

f 

1 

23 

n 

0 

59 

2 

cB  pL.  E np  ff.vgmbM.  3/l.  2'  b. 

*55 

3032  Eridani 

f 

7 

49 

f 

1 

1 

2 

cB.  S.  gmbM. 

oa.  18] 

12  (?)  Perfei 

P 

1 

41 

f 

1 

10 

2 

cB.  mE.  1 2°  fp  nf.  v BN. near  I0/ 1. 

*57 

26  9Q(y)Pifcium 

f 

28 

9 

n 

0 

l3 

I 

cB.cL.E.par.mbM.  y'i.  3/b. 

158 

Nov.  26 

48  (y) Eridani 

P 

4 

32 

f 

1 

46 

2 

cB.  pL.  iR.  vgmbM. 

*59 

Dec.  1 1 

20  («•)  Caffiop 

f 

8 

30 

n 

0 

33 

3 

vB.  R.  vgbM.  i'j  dia. 

160 

29 

29  (7)  Virgin 

P 

6 

17 

f 

2 

*9 

2 

vB.  cL.  E.  fp  nf,  vgBN.  F.  bran. 

1787 

\ ‘ 

ss 

161 

Jan.  14 

6 Com 32 

f 

12 

f 

0 

55 

I 

vB.  pL.  iR. 

362 

— 

29 

f 

10 

35 

n 

0 

2 

1 

vB.  E.  fp  nf.  Sft  in  it  \r  p.  N. 

163 

Feb.  22 

20  Sextantis 

P 

8 

29 

f 

0 

22 

I 

f eB.  cL.  mE.  45  1'p  nf.  N.  2/L 
1 F.  br.  5M. 

164 

Mar.  17 

38  Leo.  min. 

P 

2 

54 

f 

0 

36 

O 

0 

cB.  E.  30  np  if.  mbM.  er.4'1.  of  b. 

165 

6 Canum 

P 

15 

42 

n 

0 

2 5 

2 

vB.  BN.  not  M.  or  2 joined  the 
n.  N. 

166 

— 

— - 

P 

1 

20 

n 

0 

23 

2 

vB.  S.  R.  mbM. 

367 

18 

10  (»)  Urfae 

f 

*3 

43 

1 

1 

40 

1 

cB.  R.  BN.  dia. 

368 

— 

34  (p)  — 

P 

4 

9 

f 

0 

6 

3 

j cB.  R.  vgbM.  8'  dia,.  eft.  in  it, 
l unconnected. 

369 

— 

6 Canum 

P 

16 

16 

n 

0 

53 

1 

cB.  cL. 

370 

— 

20  — — 

f 

28 

12 

n 

1 

6 

2 

cB.  E.  near  par.  SNM.  2,1. 

271 

— 

^3  (2dv)Boot 

P 

49 

57 

n 

1 

10 

2 

cB.  S.  R.  r.  mbM. 

f 

I cB.  E.  fp  nf.  few  ft.  in  p.  1 in  n. 

272 

19 

31  Leo.  min. 

25 

2 

f 

0 

3 

1 

1.  unconnected. 

173 

— 



f 

86 

19 

n 

0 

23 

1 

vB.  R.  vgNM.  o.'\  dia. 

3 ?4 

20 

S3  («)  Urfe 

f 

46 

14 

n 

0 

24 

i 

cB.  E.  i'{  b. 

J75 

— 

13  Canum 

P 

46 

3 

n 

2 

28 

1 

vB„  S R.  mbM. 

I76 

rTwo.  The  f.  cB.  E.  mbM.,  The 

} - 

— 4 -■ 

P 

16 

33 

n 

1 

26 

1 

< 

n.  pB.  E.fpnf.  Both  join  and 

*77 

J 

form  the  letter  S. 

278 

379 

| April  9 

8 

f 

7 

36 

f 

0 

12 

1 

1 

Two.  The  n.  vB.  vmbM.  The  f. 
pB.  Their  liebul.  run  together. 

a 80 

— 

20  

f 

29 

9 

n 

3 

15 

1 

cB.  mE.  6o°  np  ff.  vlBM, 

281 

* — 

— 

f 

4° 

13 

n 

1 

1 1 

1 

cB.  cL.  mbM. 

182 

1 1 

1 Serpentis 

P 

17 

22 

f 

0 

2 

rs 

-4 

cB.  pL.  iR.  mbM. 

383 

— 

— . 

P 

1 1 

19 

n 

0 

1 

2 

cB.  pL.  iR.  or  IE. 

184 

May  7 

8 Librae 

P 

8 

21 

f 

1 

15 

I 

cB.  pL.  E.  fp  nf.  mbM, 

185 

186 

1 1 

12 

19  (a)  Bootis 

f 

1 1 
47 

6 

H 

n 

0 

1 

20 

2 

2 

c 

i 

or  pB  S.  R.  pfmbM. 

cB.  pL.  R or  IE.  vgbM.  3'  np. 

P 

n 

1 

1 

. the  e 1 ft  of  the  Conn.des  1 emps . 

187 

— 

— . — — 

P 

20 

i5 

n 

1 

H 

I 

cB.  E 30  fp  nf.  BN.  vgF. branches. 

388 

— 

38  (ad*) 

P 

13 

24 

n 

2 

44 

2 

cB.  IE.  par.  mbM.  F.  bran,  i. 

24  is)  — 1 

f 

0 

0 

57 

f 

0 

23 

I 

cB.  cL,  E.  fp  nf.  broad. 

igo 
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I. 


190 

191 

192 

*93 


194 

5 95 

196 

197 

198 

199 
20c 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

21 1 

212 

213 

214 

215 


00 

j~~~ 

M 

Stars. 

| M.  S. 

j May  16 

*Canum  6m. 

f 

II  32 

f 

Oft.  14 

3 Lacertse 

P 

SO  46 

n 

Nov.  1 2 

54  (?)  Andro 

P 

I 26 

n 

00 

00 

Jr- 

Jan.  14 

56  Urfae 

f 

3 19 

n 

— 

67  

f 

4 49 

n 

} : 

— . 

f 

7 O 

n 

8 Canuin 

P 

3 32 

n 

*5 

15  Leo.  min. 

f 

32  I 

f 

Feb.  5 

59(2d  <t)  Can 

P 

4 29 

n 

— 

63  (x)  Urfae 

f 

0 5 

r 

1 

— 



f 

° 47 

n 

6 

59 

f 

7 42 

n 

March  9 

9 0) 

P 

16  27 

n 

— 



f 

22  18 

n 

— 

3 Canum 

P 

H 39 

n 

— 

— _ 

P 

14  0 

f 

— 

*■—  

P 

9 9 

n 

— — — ..... 

P 

3 33 

f 

April  1 

60  Urfae 

f 

40  0 

n 

• — 

1 1 Canum 

f 

5 47 

f 

10 

66  Urfae 

f 

5°  50 

f 

27 

19  (a)  Bootis 

P 

no  25 

f 

May  1 

i7  (*)  — 

P 

8 26 

n 

5 

Neb. II.  757. 

Pi 

3 27) 

1 

D.M. 


in 

2 32 

0 54 


Ob 


o 

o 

o 

o 

o 

2 

3 


5 

2 

38 


19 


24 

29 

17 

4 

31 

7 


Defcription, 


1 35 

3* 
32 
6 

9 

58 
58 

48 

56 

>4 


J Iwo.  The  f. cB.  cL.  The  n.  pB. 
I S.  did.  i'i.  * See  note. 
eB.  iF.  3'  1,  2'|  b.  Nebuloiity. 
Two  dole  together.  BothvB.dift. 
2/.  fp  nf.  One  is  7 6 of  the  Conn . 

vB.cL.mE.mer.BN.  6T.2T.  chev. 
E.  vBN.  and  F.  branches. 
cB.cL.  iF.vgbM.  ff.  ft. 
f Two.  The  f.  vB.  vL.  iE.  The 
l n.  B.  pS. iF.  dift.  i'i. 
cB.  mE.fp  nf.  vgbM.^'l.  2 or  3'b. 
v brilliant. mE.  fp  nf.S'l^'b.beauti. 
cB.  mE.fp  nf.  near,  mer.5'1.  T b. 
cB.  S.  IE. 
cB.  cL.  R.  pBNM. 
cB.  vS.  IE.  m. 

vB.  IbM.  chev.  bran.  m.  neb. 
6'1.  4'b. 

cB.  E.  450  np  ff.  6'  1.  4'b.  aU 
moll  equally  B. 
cB.  mE.  70°  fp  nf.  6 or  7'!.  2'b. 
cB.  mE.  fp  nf.  SBNM.  5O.  i'  b. 
cB.  cL.  E.  mbM. 
vB.  S.  IE.  near.  par.  BN.  eF.  bran. 
cB.  S.  R.  bM.  f.  vSft. 
cB-  pL.  E. 

J v brilliant.  cL.  E.  fp  nf. difficulty 
\ r.  has  3 or  4 BN. 
cB.  cL.  n.  ends  abruptly*  f.  vg. 
vB.  cL.  E.  f.  2 ft. 


{ 


Second  clafs.  Faint  nebulae. 
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Stars. 

M.  S. 

D.M. 

Ob 

II. 


403 

404 
4°  5 
406 


April  26 
27 


4°  7 

408 

409  May 

4I0< 

Vol.  LXX1X 


1 Corns 

5 


20 


2861  Urfe 
1 

14  Canum 


8 50 

II  40 
I o 

6 8 

6 44 

7 54 
33  54 

32  8 


21 

29 

24 


i'  27 


35 

46 

25 


Defcription. 


— 


M m 


F.  cL.  iF.  IbM. 

pB.  pL.  R.  C»  mbM. 

pB.  pL.  iF.  IE.  bM.  p.  peft. 

| pF.pL.mbM.  S neb* joined  to  it* 
1 or  lb.  in  the  n. 
pB.  pS.  IE. 

F.  S.  R.  gbM.  near  dia. 
pB.  pL.  vgbM.  r. 
pB.  gJL.  R.  ftubM.  r, 

4x1 


23° 
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1785 

Stars. 

M.  S. 

41 1 

May  1 

14  Canum 

P 

24  25 

412 

— 

— 

P 

17  8 

413 

— 

P 

0 50 

414 

— 

— 

f 

5 58 

4i5 

— 

— 

f 

48  34 

416 

— 

— 

f 

58 10 

417 

. — 

— ..  — 

f 

,8  18 

418 

■ — 

51  (n)  Bcotis 

P 

69  38 

41 9 

• — 

— — _ 

P 

6.8  31 

420 

— 

— — _ — _ 

P 

61  32 

421 

• — 

— — — 

P 

55  z4 

422 

— 

— — — — 

P 

52  36 

423 

- — 

— — 

P 

47  57 

424 

2 

49  p)  — 

P 

83  12 

4*5 

5 

34  (w)  Serpen 

P 

4 0 

426 

42-7 

| Aug.  1 2 

1 Aquarii 

f 

7 5° 

42S 

3° 

35  Pegafl 

( 

6 22 

429 

43° 

i - 

6 (y)'Pifcium 

P 

2 16 

43 1 

Sept.  10 

92  (x)  Aqua 

f 

2 0 

432 

- — 

— 

f 

22.  5 

433 

434 

* — • 

41  Ceti 

P 

18  0 
H 23 

67. 

P 

435 

- — 

P 

l5  52 

43& 

■ — 

— — 

f 

1 45 

437 

— 

— . . 

f 

2 7 

438 

, — 

- — ... 

f 

4 33 

439 

26 

59  (p)  pegaf' 

f 

8 34 

440 

— 

— — _ 

f 

9 1 

441 

— 



f 

10  1 

442 

061.  3 

62  (n)  Aqua 

f 

9 4 

443 

— 

- — — 

f 

■5  J9 

444 

— 

20  Ceti 

P 

10  20 

445 

— 

— 

P 

6 50 

446 

■ — 

P 

2 16 

447 

— 

34  — — 

f 

1 3 

448 

449 

} - 

43 

f 

i 

3 28 

45° 
45 1 

} . 3 

7 1 ( ifty)  Aqu 

f 

ii  10 

452 

• — 

18  Ceti 

P 

5 33 

453 

5 

63  (#)  Aqua 

f 

A 

*3  50 

D.M  ’Ob 

Defcrintion. 

A 

i 

0 

43 

2 

pB.  pL.  R.  lbM <.  2 ' np.  pBft. 

i' 

0 

2 6 

2 

F.  S.  IE.  glbM.  er. 

f 

0 

36 

2 

pB.  S.Pv.bM.  and  vfF.onthe  edges. 

n 

0 

27 

1 

F.  S.  IE. 

n 

0 

I5 

1 

F.  S iF. 

f 

I 

8 

2 

pB.  pL.  iE.  mbM', 

f 

0 

47 

1 

pB.  pL.  iE.  bM. 

1' 

I 

48 

1 

pB.  iR.  mbM. 

f 

0 

37 

1 

F.  pL. 

f 

2 

17 

1 

pB.  vS.  R.  vgmbM. 

f 

I 

53 

1 

F.  pL.  iF. 

i 

O 

52 

i 

F.  cL.  iF.  unequally  B* 

f 

0 

37 

1 

pF.  pS.  iF.  bM. 

n 

0 

31 

1 

F.  pL.  lbM. 

n 

0 

15 

0 

0 

F.  cS.  iR.  fteilar. 

f 

r» \ 

T O 

T 

f Two.  Thep.F.S.iR.mbM.The  f. 

1 z 

I 

{ vF.vS.lbM.3or4'dift.Placeof  ill* 

n 

0 

47 

2 

pB.  S.  iR.  lbM.  r.. 

r T wo.  The  f.  pB.mE.par.mbM* 

n 

1 

H 

1 

^ \ 1.  1 7 b.  The  p.  vF.  cS  3 or  4' 

l dift.  and  p*. 

n 

0 

9 

2 

pB.S.  IE.  par.  vgF.  NM.  i'l. 

n 

1 

9 

4 

pB  cL.  E.  75°  fp  nf.  3'  1. 

f 

0 

4 

1 

pB.  pL.  bM.  i. parallelogram,  mer. 

D 

1 

18 

1 

F.  S.  iF.  bM.  r._ 

f 

0 

27 

1 

F.  S.  iR..  bM. 

f 

0 

*4 

1 

F.  pS.  IE.  f.  2.  or  3 uneq.  ft.. 

f 

0 

24 

1 

F.  pS.  IE. 

n 

0 

54 

2 

pB.  vL.  iF.  mbM.  r. 

f 

0 

39 

1 

pB.  pS.  mbM. 

f 

0 

3° 

1 

pB.  pS.  bM. 

n 

0 

10 

1 

F.  S. 

f 

0 

5 

3 

F.  S.  r.  IBM.  or  f.  M. 

f 

1 

29 

2 

F.  S.  iR.  lbM.  l'i  {.  S.  ft;. 

f 

0 

24 

1 

F.  pL.  lbM. 

f 

0 

35 

i 

F.  iF.  er.  i'  b. 

f 

0 

45 

2 

pB.  S.  R.  mbM.  m. 

n 

\ F.  S.  Two  more  near  it.  See 

Z 

Z 

t hi.  592. 593. 

r 

f Two,  Both  fteilar.  within  1'  dift. 

1 

Q 

53 

1 . 

[ Nebuloftties  run  together. 

r\ 

f Two. BothF.S. IE. different  direc- 

n 

45 

2 

\ tions.  er.  2 or  3'  from  each  other. 

f 

0 

59 

1 

pB*,pS.  mbM.  r.  ft.  i'§  dift. 

f 

t 

19 

|i 

Fa  pL.  E*  par.  r. 

454 


II. 


454 

455 

456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 


1785 


oa. 


} - 


5 9°  (<p)  Aqua 

17  Eridani 


61  (10) 

6$zo 


8 


44  Eridani 
982  (*)  Ceti 
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Description, 
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Stars. 


Ill  (|)Pifciu 


467 

25 

7(&)Pifcium 

P 

468 

26  

■ f 

469 

26 

49  Aquarii 

f 

470 

Nov.  22 

67  Ceti 

f 

47 1 

23 

34  Pifcium 

£ 

472 

27 

18  Ceti 

f 

f 

473 

— - 

47 

474 

7 2 (?) 

P 

475 

, — 

83  (0  — 

f 

476 

28 

58  Aquarii 

f 

477 

— 

70  — 

P 

478 

— 

17  Ceti 

P 

479 

P 

480 

* 

— 

— 

P 

-481 

53.W 

P 

482 

•483 

}] 

5S(i^)  — 

f 

484 

1 

* 

f 

485 

J J 

486 



— , 

f 

487 

— 

— — - 

f 

488 

— 

— 

f 

489 

^9 

23(2d^)Arie 

f 

490 

Dec.  7 

66(4cr)Canc 

f 

491 

— 

18  Leo.  min. 

P 

492 

— 

— ‘ 

f 

493 

— 

37 ' — 

f 

494 

46  Urfse 

P 

495 

28 

3 Leonis 

f 

496 

— 

9 (0)  Virgin 

f 

497 

3 1 (ft  <9 — 

P 

f 

f 

P 

f 

f 

f 

P 

P 

P 

p 

f 
• f 


M.  S. 


3 
1 1 

1 1 

4 

8 

9 

12 


1 1 

19 

46 

31 

52 

H 

7 


28  48 
27  52 
26  40 

9 2 

7 12 

7 4 

4 23 
o 11 

5 H 
37  51 
2°  53 

2 18 

6 3 
9 28 

24  23 

2 43 
2 28 

IO  IQ 

5 *3 
2 34 
o 24 

l7  54 

*7  56 
20  12 
37  >8 

49  *3 

8 36 

8 10 
*3  *3 


1 

*3 

3 

3 


47 

7 

47 

34 


ii  52 
14  27 


DM. 


rob 


1 17 

o 26 
o 25 
O 2 


46 

4 

6 

32 

32 

15 

o 

34 
49 

22 
10 

4 

27 

55 
24 

54 

56 
3 
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F.  S.  almoft  ftellar. 

Two.  The  p.  pB.  cL.  E.  IbM 
The  f.  eF.  vS.  E. 

F.  cL.  lbM. 
pB.  R.  bM. 

F.  R.  lbM. 

pB.  S.  IE.  mbM.  N. 

F.  pL  iR.  vgbM.  dia. 
pB.  R.  vgbM.  TJ  dia. 

F.  S.  ilE.  par.  mbM. 

F.  vS.  r. 

F.  pL.  iR.  lbM. 
pB.  cL.  iR.  mbM. 
pB.  pL.  iF. 

F.  pL.  iF.  r. 

F.  pS.  IE  er.  fome  of  the  ft,  vifible,, 
pB.  S.  ftellar. 

F.  iF.  lbM. 

F.  pS. 

F.  S.  iF.  er.  fome  of  the  It.  vifible. 
pB.  pL.  IE.  lbM. 
pF.  pL.  iF.  bM. 

F.  pL.  iR.  lbM. 
pB.  pL.  iR.  lbM. 
pB.  L.  IE.  lbM. 

PB.  mE.  mer.  2'!. 

F,  pL.  IE.  lbM. 
pB.  cL.  R.  i'|  f.  Sft. 

f Four.  The  p.  2,  bothF.  E. 
l within  1 'dift.  par. 
f Thef.two,bothpF.pS.E.about 
1 2'  dift.  and  nearly  raer. 

F.  S.  E. 

F.  cL.  iF.  ibM. 

F.  S.  iF.  bM. 

F.  S.  IE.  contains  3 ft.  uncoiu 
pF.  mE.  r.  3'  1.  ir\  b. 
pB.  pL.  iF.  IbM. 
pB.  pL.  IE.  near,  par* 

F.  S. 

pB.  pL  iR. 

F.  pL.  E.  iF. 

F. 

pF.  vS* 
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— 
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*P 
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*P 
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P 
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) — 

- — 

- f 
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46  53 
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1 11 
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2 31 
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1 3 

I 

F.  pL. 

n 

1 18 

l 

V 

L • 

n ] 

1 24 

1 

vL.  er.  fome  ft  viftble. 

n 1 

1 1 

F.  S.  R.  vSpBN. 

n 

0 30 

F.  eS.  fteiiar.  p.  pBft. 
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0 15 

I 

pB  S.  iF.  mbM. 
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1 44 
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pB.  S.  IE.  mbM. 
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0 37 
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I 

F.  S.  E. 
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I 
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2 

F.  S. 
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0 
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F.  S.  IE.  par.  er. 
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3 
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f 

0 21 
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f 
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F.  pL.  IE. 
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F.  cS.  R.  lbM. 
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2 

pB.  S. 

n 
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I 

F.  S.lbM, 

n 

0 8 

I 

F.  S. 

n 

0 19 

I 

F.  S. 

i 

1 12 

2 

pB.  pL.  E.  b.f.  M.  3'1. 

i 

i<  28 

2 

F.  pL.  lbM. 

i 

1 17 

2 

F.  pL.  vlbM.  6 or  7'  1.  4 ' b> 

f 

0 15 

2 

pB.  vE.  glbM. 

f 

P 3$ 

I 

F.  mE.  np  ff.  271.  | b. 

t 

0 21 

I 

!pB.  mE.  mbM.  2^J  1.  ir b. 

n 

P 4c 

I 

iF.  pL.  iR.  eiv 

n 

|°  55 

I 

■pB.  cL  iR. 

i 

0 II 

I pB.  cL.  IE.  gbM. 

f 

p 53 

1 

pB.  S.  mbM. 

f 

|0  2b 

1 
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544 

— 

f 
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34 
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4 

52 
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0 

27 

2 1 

}B.  vS. 

^ J 

545 

— 

f 

6 

51 

f 

1 

39 

4 1 

pB.  S.  iE,  lbM. 

546 
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1 Mar.  3 

6 (/?)  Leonis 

P 

6 

16 

n 

X 

42 

1 

f Two.  Both  F.  S.  The  place  in- 
1 accurate  in  RA. 

548 

14  Virginis 

P 

10 

27 

f 

0 

8 

1 

F.  pL.  mE.  np  ff.  but  near.  par. 

549 

— 

2^%) 

f 

17 

34 

f 

0 

33 

1 

:>B.  vL.  iF.  lbM. 

550 

55 1 

} - 

14  (h)  Crate 

P 

4 

4 

13 

0 

n 

0 

0 

35 

36 

2 

j Two.  Both  F.  S.  lbM.  cBft.  be-- 
V tween,  but  i'\  f,  of  them.  . 

552 

21  (0) 

P 

2 

24 

f 

f 

0 

2 

I 

F.  pS.  iR.  f.  vSft. 

553 

■ — 

— 

f 

1 1 

21 

I 

9 

2 

rB.  pL.  iF.  gbM.  fp.  is  Sft. 

554 

18 

1 Cancri 

f 

4 36 

f 

0 

4 

2 

}B.  pL.  er.  vgmbM.  . 

555 

*9 

46  Hydrse 

f 

7 

26 

n 

0 

21 

2 

aB.  pL.  iR.  b.  f.  M. 

556 

20 

(S  (3d  b)  Crat 

P 

76 

10 

f 

I 

II 

3 

}B.  cL,  iR  vgmbM. 

557 

24 

16  (£)  Hydrae 

f 

3 

21 

n 

0 

22 

I 

F.  mE.  unequally  B.  3'!,  i'b.- 

558 

25 

21  (q)  Virgin 

f 

TO 

43 

i 

0 

38 

I 

F.  E.  mer.  3'h  f.  cBft. 

559 

— 
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H 43 

n 

I 

33 

I 

F.  S. 

560 

— 
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P 

*3 

0 

n 

0 

31 

I 

pF.  pS.  iR. 
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P 

3 

39 

n 

0 

24 

I 

pB.  pL.  R.  vgmbM. 

562 

27 

16  (k)  Crater 

f 

4 

56 

i 

I 

54 

2 

F.  S".  iR.  bM.  r. 

563 

— 

68  (*)  Virgin 

P 

29 

28 
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0 

55 

I 

pB.  iF.  bM. 

5^ 

28 

19  Urfc 
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3 
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n 

0 

23 

I 

pB.  S.  R.  mbM. 

i65 

— 

46  Leo.  min. 

P 

5 

3 

n 

0 

28 

I 

pB.  cL.  iF.  IBM. 

5 66 

— - 

*1 102  (r)  Hy 

f 

1 

35 

28 

n 

0 

53 

I 

F.  pS.  E.  * See  note. 

56 

— 

— 

f 

37 

*7 
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0 

51 

I 

pB.  pL.  iF.  gbM. 
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569 

) 

- 

fFour  nebulas.  They  are  feat- 
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1 1 (5)  Virgin 

f 

10 

14 

n 

0 

34 

I 

tered  about.  The  place  is  that 

57c 

- 

„ of  the  lafto 

57* 

j 

f 

26 

- 

572 

-« — - 

f 

1 1 

34 

0 

I 

A nebula. 

S'1 3 

2 * 



t 

10 

t8 

f 

0 

26 

I 

A nebula,  cloudy. 

574 

2< 

3 Serpentis 

P 

40  48 

1 

0 

2C 

I 

F.  S.  IE.  r.  p.  2 veft. 

575 

— 

— — 

P 

36 

3 

n 

0 

33 

1 

pB.  cL.  iR.  mbM. 

— — — — 

P 

z 1 

26 

i 

0 

54 

I 

F.S.  IE. like  2 ftelJar.  joined  clofely. 

577 

<c 

37  Virginis 

P 

1 1 

22 

n 

0 

4 

1 

F.  S.  making  a triangle  with  2 Eft. 

578 

— % — — — 

P 

2 

29 

11 

0 

2C 

I 

F.  S. 

579 

— 

109  — 

P 

26 

1 1 

n 

2 

1C 

I 

pB.  cL  E. 

580 

581 

1 - 

, .. 

P 

16 

35 

n 

I 

24 

I 

j Two.  Thef.pB  pL.R.gbM.  The 
[ n.eF.cL  dift.2'.  The  place  is  of  1. 

582 

— 

P 

8 

33 

n 

0 

2S 

I 

F.inE,r.2/l.jp  b.f.ft6m.i6//in  time. 

583 

May  3 

I4(lft  A)Ser 

f 

17  48 

f 

X 

2 

2 

pB.  S.  E.  nearly  par.  bM. 

584 

20 

S(g)Oph\UQ 

f 

2 7 

48 

n 

I 

8 

I 

pB.  cL,  gbM.  er;  undoubtedly  ft. 

585 

27 

3 Serpentis 

P 

5-4  3 

f 

J 

52 

X 

F.  S.  iE.  r. 

586 

28 

40  (^)  Ophiuc 

f 

28 

53 

n 

0 

57 

I 

pB.  S.iF... 
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H 

I 
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— 
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— — , 

f 

II  27 

n 

0 

35 

I 
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f 

0 

*7 

I 

pB.  cL.  IE.  mbM, 
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— - - 
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n 

0 

9 

I 

pB.  S. iF. 
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24 
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P 

17  44 

n 

2 

ib 

3 
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44 

1 
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— — 

— - — ■ 
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IQ 
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618 

— 



P 

3 23 

n 

I 

45 

1 

vS.  ftellar. 

619 

— - 

52  

P 

5 39 

f 

0 

3 

1 

pB.  cL.  pmE.  mer.  r.  1'  f.  ft. 
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622 

20 

26  

f 

9 8 

f 

0 

22 

1 

F.  R.  bM.  er. 

622 

21 

2 (s)  Corvi 

P 

16  4 

f 

0 

33 

2 
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F.  S.  iF.  IE.  fp  nf» 

627 . 

Jan.  11 

^4  (£)  Gemi 

f 

54  51 

f 

D 

3 1 

628 

14 

6 Comae 

f 

6 36 

n 

D 

38 

1 

aB.  cL.  E. 

d*29 

— 

— — 

f 

13  46  J 

/< 

0 

1 

49  1 ] 

F. 

cf  new  Nebula  and  Clujlers  of  Stars , 


IT. 

OO 

Stars. 

M. 

S. 

630 

Jan.  14 

6 Comae 

f 

20 

f 

63 1 

— 

— , — .1 

f 

lb 

3 

t 

632 

— 

29 

P 

8 

57 

n 

633 

i6(  ift  fi)Veri 

P 

7 

2 

i 

634 

Feb.  13 

33  (»)  Cancri 
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— 

— __ 

P 

16 

*9 

n 

651 

— — _ — — 

P 

5 

42 

n 

652 

• — 

3°(g)  Horcul 

P 

0 

57 

f 

*53 

*9 

70  Virginis 

P 

4 

21 

n 

654 

— 

9 Serpentis 

f 

7 56 

f 

6SS 

— 

— — 

f 

»5 

44 

n 

656 

__ — 

— .... — . 

f 

16 

59 

f 

657 

— ■ 

28  (0) 

f 

8 

2 

f 

,658 

20 

44  Lyncis^ 

P 

47 

39 

1 

659 

— - 

13  Canum 

P 

18 

44 

n 

bbo 

April  9 

8 

f 

& 

/ 

58 

1 

661 

— 

— — ■- » 

f 

9 42 

f 

662 

, . — 

— — . 

f 

lS 

2 

n 

*>63 

19  _ 

P 

9 5» 

n 

664 

— 

— .. 

P 

3 

47 

n 

665 

— 

20 

f 

2 

52 

n 

666 

— 

— „ 

f 

5 

24 

n 

667 

— 

— 

f 

7 

35 

n 

668 

— 

— - — 

f 

27 

51 

n 

669 

- — 

~ — 

f 

33 

20 

n 

670 

— 

f 

35 

20 

n 

671 

— 

— „ 

f 

37 

5J 

n 

672 

• — 

f 

43 

59 

n 

673 

'a  • \ J 

• 

f 

66  36 

n 

674 

— — 

f 

7i 

16 

n 

D.M. 
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0 56 

1 31 
12 

1 

34 
9 

49 

36 

12 

u 

18 
D 36  2 
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I 
I 
I 

1 

2 
2 

3 

2 

1 
I 

I 
I 
I 
I 
I 
X 
I 
I 
1 

1 

2 
I 
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1 
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I 
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12 

27 

ll 

13 

13 

51 

57 

1 1 

28 

16 

17 

52 

23 

47 

5 

20 

36 
56 
*3 
31 

3° 

42 

51 

41 

37 
35 

*7 

o 

27 
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Pefcription. 


cL. 

F. 

F.  pL.  R.  vgbM. 

F.  cL.  lbM,  4'  dia. 

F S.  bM. 

F pS.  iR.  vgbM. 

F.  vL.  bM. 

F.  cL.  iR.  lbM.  time  inaccurate,.- 
pB.  S.  IE.  fp  nf.  * See  note. 
pB.  cS.  r. 

F.  vS.  r.  with  300  the  fame. 

F.  vS. 
pB.  S.  E. 

F.  pL.  gbM.  r. 

pB  S.  R mbM. among  fcattered  ft; 

pB.  S.  R.  mbM. 

pB.  L.  iF.  nneq.  B.  3.  or  4'  dia. 

F.  S.  iF. 
pB.  pL.  lbM. 

F.  S.  E.  nearly  men  r. 

pB.  E.  BMM;  and  F.  br.  a'l.  \ b.. 

pB.  pL.  iE.  er. 

F.  pL.  r. 

PB.  vS.  mbM.  juft  p.  pcfh. 

F.  E.  np  ff.  r'f  1., 

F.  E.  mer.  i'j  L 

pB.  E.  np  ff.  bM.  x'|  E 

F.  iF.  bM.  i'\  dia.  between  2Bft0> 

pF.  vS.  mbM. 

F.  S.  R.  juft  np.  V.  42. 
pB,  pL.  R.  mbM. 
pB.  vS.  ftellar..  juft  p.  Sft. 

F.  S.  R.  bM. 

pB.  vS.  ftellar.  near  and  n.  Sft. 
pB.  mE.  fp  nf.  near.  mer.  5'  1.  f b. 
pB.  cS.  E.  with  300  ft.  with  burrs. 
pB.  S.  iR.  mbM. 
pB.  vS.  IE.  bM. 

F.  E.  par.  miniature  of  I.  170. 
pB.  pL.  vgmbM. 
pB.  pL. 
pB.  pL  E. 
pF.  pS.  bM. 

F.  pL.  E.  vlbM. 
pB.  E,  nearly  par.  i'|l.  £b. 
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II. 

00 

i'- 

Stars. 

67s 

April  9 

20  Canum 

i 

676 

— 

f 

677 

— 

f 

678 

« — = 

f 

679 

6S0 

} 1, 

79  (<)  Virgin 

P 

68 1 

I Serpentis 

P 

682 

P 

683 

— 

f 

684 



4 

P 

685 

15 

9°  (/>)  Virgin 

P 

686 

V 

— — 

P 

687 

— 

I02( ifty) — 

P 

688 

May  1 1 

19  (a)  Bootis 

P 

689 

12 

— — 

P 

690 

— 

22  (r)Hercu 

f 

691 

*5 

85  (*?)  IJrfae 

f 

692 

l — 

— 

f 

694 

24  ( g)  Bootis 

P 

695 

— 

— — ■ — 

f 

696 

— - 

#C  Canu.6m 

f 

697 

16 

f 

698 

— 

— — 

f 

699 

— 

— ...  — 

f 

700 

— 

27  (7)  Bootis 

f 

701 

— 

25  Herculis 

f 

702 

Sept.  1 1 

68  (2dg)  Aqu 

f 

7 02 

*A  Ceti  7m 

f 

7°4 

16 

47  Caffiop 

f 

705 

Nov.  3 

25  Cephei 

f 

if 

706 

- — 

1 (e)  Caffiop 

f 

707 

30 

1788 

19  U)  — 

P 

708 

Jan.  14 

37  Lyncis 

f 

7°9 

36  Urfse 

P 

— 

27  (7)  Bootis 

P 

7u 

— — » ■' 

P 

712 

u 1 1.1 

— ■ — — - • 

P 

7i3 

1 

— — — »' 

P 

7 M 
7 if 

n 

iU 

- — — 

P 

M.  S. 

D.M., 

Obi 

Defcription. 

80  7 

n 

0 51 

2 

A vS. 

98  12 

n 

1 42 

1 

oB.  vS.  ftellar. 

99  9 

n 

1 39 

1 

F.  pS.  lbM. 

117  42 

n 

1 1 

1 

F.  S.  r.  in  a roiv  with  3 4, 

4 17 

f 

1 1 

0 

f Two.  The  p.  F.  pS.  iF. 

4 7 

1 4 

{ The  fo  pB.  pL.  iF.  bM. 

19  44 

f 

0 7 

2 

aB.  pL.  iF. 

*6  35 

f 

0 4 

2 

aB.  cS.  IE. 

0 49 

f 

0 55 

1 

pB.  pL.  R.  mbM.  ff.  eft. 

6 6 

n 

0 7 

T 

f Two.  The  2d  pB.  S.  iE.  for  the 

1 1 ft  fee  II.  545. 

2 37 

f 

0 44 

2 

F.  pL.  iR.  f,  and  par.  with  2Fft. 

0 37 

n 

0 4 

2 

aB.  S mbM. 

6 18 

f 

0 57 

2 

aB.  cL.  iuE.  2O0  fp  nf. 

3°  37 

n 

0 7 

2 

F.  mE.  1 50  fp  nf.  lbM.  4'L  £ b. 

47  20 

n 

0 46 

3 

dB.  pL.  R.  mbM. 

7 2 

n 

2 3 

2 

F.  pL.  iF.  gbM. 

15  34 

f 

0 12 

I 

pB.  pL.  E.  nearly  par.  mbM. 

19  36 

n 

T 20 

T 

f Two.  Thep.F.pS  R.vgbM.The 

11 

1 

1 f.  F.  vS.  ftellar.  fmbM.  dift.  2'j» 

6 31 

n 

0 43 

I 

pF.  pS.  IE.  mbM. 

1 7 

f 

0 12 

I 

pB.  cL.  iR.  vgmbM. 

3 4° 

11 

0 3 

I 

pB.  S.  E. 

6 23 

f 

O 39 

I 

F.E.par.bM.  i'|l.  I'b.  *See  note. 

IO  O 

f 

0 58 

I 

F.  S.  R.  vfmbM. 

*3  *9 

n 

O 20 

3 

F.  pL.  R.  lbM.  i'|  dia. 

5 15 

n 

0 9 

1 

pF.  S.  iE. 

*7  43 

f 

O 40 

1 

pB.  pS.  E.  fp  nf.  vgmbM. 

; 4 23 

f 

I 1 

1 

f pF.  pL.  E.  np  ff.  but  near.  par. 
t mbM.  1'f  1. 

4 47 

n 

1 7 

1 

F.  cL.  E.  * See  note. 

61 37 

n 

3 48 

2 

F.  pL.  mE.  np  ff.  mbM. 

21  6 

f 

1 35 

1 

pB.  S.  iR.  er.  almoft  equally  B. 

6 26 

n 

2 5 

2 

f pBM.  2cft.  involved  in  nebulo-. 
1 fity.  271.  l'i  b. 

2 50 

9 

f 

2 12 

1 

pB.  vL.  iR.  vgmbM,  r.  5 or  6 dia. 

3 5° 

f 

1 15 

1 

pB.  S.  flellar. 

6 5> 

f 

1 57 

2 

pB.  S.  IE.  mer.  bM. 

43  42 

n 

1 5i 

1 

F.  S. 

42  47 

n 

1 50 

1 

pB.  cL.  iF. 

41  48 

n 

I 25 

1 

F.  S.R.  bM. 

39  *3 

n 

2 12 

2 

pB.  pL. 

n 

f Two.  Both  pB.  S,  R.  2 ' dift.  ia 

39  5 

2 9 

2 

f the  fame  mer. 

237 
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n. 

716 
iii 
7 1 8 

779 

720 

721 

722 

723 

724 

725 

726 

727 

728 

729 

730 

731 

732 

733 

734 

735 

736 

737 
73* 

739 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 

757 

75* 
Vol. 


1788 

Jail.  14 

I 


Feb. 


7 (7)  Bootis 
515  Leo.  min. 

45  (u)  Urfse 

3 32  Lyncis 
34  W Ur  fse 

13  Canum 


5 80  (tt)  Gemi 

59  (2  cr)  Cane 

60  Ur  Be 


April  1 


May 


IO 

27 

28 

29 


Stars. 


59  — 
20  Lyncis 


63  (x)  Urfe 


3 Canum 


Neb.  II.  728, 
8 54  Virginis 

60  Urfse 


19  (x)  Bootis 

37  (i)  — 

27  (£)Hercul 
27  (>)  Bootis 

23  (3)  — 

Neb.  II.  757. 
12  (0  Draco 
Neb.  11.757, 


LXXIX, 


M. 

s. 

D.M. 

Ob 

Defcriptidn. 

p 

36  48 

n 

2 

19 

2 

pB.  L.  ill.  FN.  mbM.  4 or  5''  dia. 

f 

0 

58 

/■ 

1 

1 

58 

1 

F.  pL.  iF.  lbM. 

p 

2 

24 

n 

0 

32 

2 

J pB.  S.  IE.  the  np.  corner  of  a S. 
[ trapezium. 

F.  pL.  iR.  bM. 

p 

20 

34 

f 

0 

16 

1 

p 

2 

1 2 

n 

1 

29 

1 

F.  vS. 

p 

1 

57 

n 

1 

26 

1 

F.  vS.  ftellar. 

p 

1 

43 

n 

1 

27 

1 

F.  vS.  ftellar. 

p 

73 

0 

f 

0 

22 

1 

pB.  S.  IE. 

p 

65 

22 

f 

X 

0 

44 

1 

F.  vS. 

p 

61 

59 

f 

0 

*9 

1 

pB.E.fpnf.but  nearer  mer.mbM.2l 

f 

22 

56 

n 

0 

S* 

1 

pF.  pL.  ill.  lbM.  r.  f.  2 ft.  par. 

p 

*3 

*3 

n 

1 

4/ 

1 

pF.  pL.  ill.  r. 

p 

25 

2 

n 

1 

32 

2 

pB.  pL.  vgmbM. 

p 

20 

3* 

f 

1 

4 

2 

F.  cL.  IE.  par.  lbM. 

p 

5 

27 

n 

0 

H 

1 

pB.  bM.  r.  4'1.  3'b. 

p 

0 

54 

n 

1 

5 

2 

pB.  S.  E.  fp  nf. 

f 

0 

47 

f 

0 

J9 

1 

J F.  S.  almoft.  betw,  2fp.  ft.  chev. 
[ touches  them. 

f 

20 

28 

n 

0 

21 

1 

pB.mE.mer.pBSN.&vF.br.4'l,  J'b. 

p 

14 

20 

n 

0 

28 

1 

F.pL.iF.mbM.  ff.  a triangle  of  S.ft. 

p 

12 

44 

f 

1 

37 

1 

F.  ftellar. 

p 

1 1 

9 

f 

0 

3 

1 

pF.  vS.  lbM.  r. 

p 

4 

55 

f 

0 

4 

2 

pF.  pS.  iR.  lbM. 

f 

2 

3° 

n 

0 

57 

1 

pB.  pL.  R,  mbM, 

f 

2 

5° 

11 

0 

1 

F.  vS. 

f 

5 

48 

n 

0 

56 

1 

pF.  pS.  ftellar. 

f 

17 

7 

n 

0 

53 

1 

PF.  S.  R.  gbM. 

p 

1 

5° 

f 

1 

3S 

2 

F.  S.  E. 

f 

5 

22 

1 

0 

IO 

1 

F.  S. 

f 

21 

5o 

n 

I 

27 

2 

pF.  S.  er. 

p 

35 

22 

f 

0 

57 

2 

pF.pS.E.f.&Ip.ft,  among  ft.  not  con. 

p 

0 

24 

f 

0 

43 

1 

pB.  S.  pBN. 

f 

31 

58 

f 

0 

24 

1 

pB,  E.  15  or  20°  np  ff.  3U. 

f 

38 

3 

n 

0 

16 

1 

pB.  pL.  E.  fp.  and  in  a line  with  2ft. 

f 

47 

57 

f 

I 

IO 

2 

pB.  pL.  iF. 

p 

109 

46 

f 

I 

1 

1 

pF.  pL.  E.  fo  nf. 

f 

16 

12 

0 

25 

f Two. Thep.cF.cS. Thef.pt  .pL* 

16 

20 

II 

0 

24 

{ Both  IE,  np  ff.  but  nearer  par. 

f 

2 

50 

f 

I 

42 

1 

pF.  pS.  vlE.  mbM. 

p 

U 

*5 

n 

I 

27 

1 

pB.  pL,  R.  FN. 

f 

44 

59 

n 

0 

31 

1 

pB.  pL  IE. 

p 

11 

47 

f 

0 

0 

7 

2 

pB.  pL.  iF.  r. 

p 

16 

38 

f 

I 

56 

3 

pB.  S,  iR.  or  IE.  mbM.. 

f 

5 

28 

f 

I 

31 

1 

pF.  pS.  iR« 
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XL 
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Stars. 

M. 

S. 

D.M. 

Ob 

Description. 

759 

May  5 

Neb.  II.  757. 

f 

6 

6 

f 

0 

42 

J 

pB.  FNM.  8 or  10'  1.  2'  b. 

760 

— 

— — — 

f 

6 

29 

f 

1 

37 

I 

pF,  pS.  R. 

7 61 

— 

— 

f 

24 

8 

f 

0 

33 

I 

pF.  pS. iF. 

7&2 

— 

— 

f 

24 

37 

f 

0 

25 

I 

pF.  pL.  E. 

763 

25 

1 2 (0  Draco 

P 

*3 

7 

n 

0 

54 

2 

pB.  niE.  nearly  mer.  i'  1.  f'b. 

764;  — 

■ ; 

f 

$8 

n 

0 

20 

I 

pB.  S.  iR.  one  p.  fufpected  vF.  IE, 

76S  . — 

, 

f 

T4 

f 

0 

S8 

I 

pF.  cS. 

766 

1 

— - — 

f 

0 

n 

0 

18 

I 

pB.  cL.  iE.  r. 

767 

June  6 

3i(ift*) 

P 

3i 

23 

n 

° 

15 

1 

pB.  pL  R.  vgmbM. 

768 

Nov.  4 

14  Camelop 

P 

42 

52 

n 

|i 

571  1 

pB.  S.  IE.  BN.  juft  f.  pB.  ft. 

Third  clafs.  Very  faint  nebulae. 


XII. 

085 

Stars. 

M.  S. 

D.M. 

Ob 

Defcription. 

377 

1 

f 

Two.  The  n.F.S.lbM.  The  f.vF. 

3?8 

April  2 6 

92  Leonis 

f 

3 6 

f 

I 

24 

2. 

1 

vS.  did.  3'  fp.  the  place  of  n. 

379 

— 

I Comae 

P 

10  26 

f 

0 

6 

3 

vF.  vS.  lE.  er.  or  S.  patch  of  ft. 

38o 

— 

— 

P 

8 56 

X 

I 

7 

2 

F 

. S. 

38 1 

— ....  ..... 

P 

7 56 

f 

I 

12. 

1 

vF.  R. 

382 

'Three.  The  place  is  of  the  laft 

383 

- — 

2 

f 

1 58 

f 

0 

49 

2 

< 

or  moft  n.  which  is  vF.  S,  The 

384 

j 

other  two  are  fp.  eF.  vS. 

385 

27 

93  Leonis 

P 

2 54 

f 

0 

35 

1 

vF.  vS.  r„ 

386 

— 

— 

P 

3 10 

f 

0 

27 

1 

vF.  vS.  r. 

387 

— 

— 

P 

2 10 

f 

0 

27 

1 

vF.  vS.  r. 

388 

— 

— . — — 

P 

1 48 

n 

0 

1 1 

2 

vF.  pL.  iR.  lbM.  r.  7'  nf.  cBft. 

389 

'i  ' ■ 

C — - — — ■ 

f 

4 49 

n 

0 

25 

1 

vF.  vS. 

390 

5 Comte 

P 

8 56 

f 

1 

47 

1 

Sufpe£ted. 

391 

j 

P 

7 54 

f 

0 

9 

2 

Six  nebulae.  The  places  belong 

392 

, 

: 

P 

7 5<> 

f 

0 

13 

2 

to  the  three  firft  whieh  are  vF. 

393 

. 

^ ___ 

P 

7 54 

f 

0 

15 

2 

1 vS.  The  other  three  are  10 

394 

r ^ 

< 

j or  12'  more  fouth,  but  there 

39s 

1 was  not  time  to  take  their. 

396 

J 

L places,  more  fufpe5ted. 

397 

— 

— _ 

f 

3 36 

n 

0 

5 

2 

vF.  vL.  iR.  bM.  6'  1.  5' b. 

398 

— 

26  

f 

8 32 

f 

I 

33 

1 

vF.  vS.  r. 

399 

28 

61  Urfa 

f 

31  26 

n 

I 

57 

2 

vF.  pL.  IE.  r. 

400 

May  1 



f 

25  34 

n 

2 

38 

4 

vF  vS.  ftellar.  2'§  n.  Sft. 

461 

— 

14  Canum 

f 

2 36 

f 

0 

36 

1 

vF.  ftellar.  with  300  the  fame. 

402 

1 

r 

[ Two.  Both  vF.  cS.  The  place 

4°3 

r 

19  23 

n 

O 

35 

1 

[ is  that  of  the  p.  The  2d,  3/nf. 

4°4 

1 

r 

[ Two.  Both  vF.  pS.  The  place  is 

4°  5 

J 

I 

20  44 

n 

O 

7 

1 

[ of  the  p.  The  2d,  5 or 

4 ?i> 

— ~ 

, 1 ^ 

f 

25  14 

f 

0 59 

1 

vF.  vS.  IE., 

API 


i 
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1785 

Stars. 

407 

408 

| May  1 

49  (J)  Bootis 

P 

409 

14  Canum 

f 

410 

— — 

f 

411 

— — — 

412 

— _ 

f 

4*3 

— 

f 

414 

51  (ju)  Bootis 

P 

4i5 

— 

— — 

P 

416 

1 

P 

4i7 

J 

418 

■ — 

— _ 

P 

419 

— 

— — 

P 

420 

— 

— — ■ 

P 

421 

— 

— — - 

P 

422 

1 2 

49  (5)  — 

P 

423 
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40 

n 

1 

37 

0 

( Two.  Both  vF.  vS.  A Par  be- 

102 

22 

1 

39 

A 

t 

tween  them  about  half  way. 

3° 

38 

f 

0 

17 

1 

vF. 

pL.  R.  lhM. 

35 

6 

n 

1 

1 

1 

vF. 

S.  IE.  er. 

54 

3° 

f 

1 

8 

1 

eF. 

vS. 

54 

45 

n 

0 

25 

1 

vF. 

vS. 

5« 

3° 

f 

0 

53 

1 

vF. 

70 

6 

f 

0 

55 

1 

vF. 

mE. 

65 

4 

f 

I 

57 

1 

eF. 

pL. 

64 

57 

("Two.  Both  vF.  S.  did.  6 or  n' 

2 

1 

I 

1 

i 

The  place  is  that  of  the  if. 

62 

52 

f 

0 

6 

1 

eF. 

dellar. 

61 

4 

f 

0 

42 

1 

vF. 

vS.  E.  er. 

54 

54 

f 

0 

5° 

I 

vF. 

S. 

49 

26 

f 

0 

40 

1 

vF. 

vS. 

86 

2 

n 

0 

24 

1 

f Two.  Both  eF.  ftellar.  did.  4 or 
\ nearly  mer.  The  n.  fainted. 

147 

32 

n 

0 

1 1 

1 

vF. 

dellar.  or  little  larger. 

101 

48 

n 

I 

39 

1 

vF.vS.inthe  field withlll. 407. 408. 

8 

2L8 

a 

f 

I 

42 

1 

eF. 

pL.  iR. 

0 

14 

n 

0 

l9 

1 

vF. 

S.  IE.  nearly  mer. 

14 

30 

f 

0 

*9 

2 

vF. 

S.  iF.  lbM. 

26 

42 

n 

0 

35 

I 

vF. 

pS.  E. 

26 

54 

n 

0 

44 

I 

vF. 

vS. 

\ The  2d  of  two.  eF.  S.  c or  6 

0 

22 

n 

0 

0 

I 

t 

did.  from  I.  100. 

i5 

36 

n 

0 

22 

I 

eF. 

15 

39 

n 

0 

59 

I 

vF. 

vS. 

18 

40 

f 

0 

42 

I 

vF. 

cL.iF.lbM.  4 or  5'!.  2or3'b. 

8 

42 

f 

0 

20 

I 

vF. 

vS. 

1 

20 

f 

I 

1 

I 

vF. 

pL.  lbM. 

7 

39 

f 

0 

*3 

1 

eF. 

vS.  er.  confirmed  by  240* 

9 

22 

f 

0 

I 

eF. 

S.  dellar.  p.  pBd. 

0 

42 

f 

I 

3 

2 

vF. 

S.  iE. 

1 

5 

n 

0 

8 

I 

vF. 

vL.  requires  great  attention. 

5 

8 

f 

I 

29 

I 

vF. 

vS.  iE. 

5 

23 

f 

I 

26 

I 

vF. 

vS.  iE. 

17 

51 

f 

0 

*3 

I 

vF. 

vS.  confirmed  by  2 40. 

9 

23 

n 

0 

25 

I 

eF. 

vS. 

5 

37 

f 

0 

41 

I 

vF. 

pS.  E, 

3 

4 

f 

0 

3 

I 

vF. 

S.  between  fome  Sd. 

10 

23 

n 

I 

32 

2 

vF. 

cL.  iR.  near  a hook  of  vSd. 

34 

45 

f 

0 

26 

3 

vF. 

S.  R.  r.  lbM. 

4 

8 

n 

I 

34 

1 

#. 

pL.  broadly  E«  lbM. 

6 

30 

n 

I 

56 

2 

vF, 

S.  IE. 

N n 2 
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451 

0£t.  6 

20  Eridani 

f 

2 

3° 

f 

0 

59 

1 

vF.  S.  R. 

452 

8 

52  (w)  Aqua 

P 

3° 

46 

n 

1 

39 

1 

vF.  pL.  R.  r. 

453 

- — 

i0  Orionis 

f 

5 

7 

f 

0 

4 

1 

vF.  vS.  confirmed  240. 

454 

9 

60  Ceti 

P 

27 

18 

n 

0 

27 

1 

eF.  pL.  24O.  left  doubtful. 

4^5 

82  (5)  • 

f 

4 

1 1 

n 

1 

2 

2 

vF.  vL.  lbM.  er.  6 or  7'  dia. 

nr  j 

45 6- 

25 

28(»)Pifcium 

f 

*3 

6 

f 

0 

28 

1 

vF.  pS.  iF. 

457 

78  (v)  Ceti 

P 

20 

29 

n 

0 

20 

1 

vF.  cL.  vlbM.  m.  p.Bft.  and  joining. 

4 58 

26 

49  Aquarii 

P 

2 

52 

n 

0 

6 

1 

vF.  S.  er.  time  inaccurate. 

4S9j 

— 

56 ( ifty)  Ceti 

P 

7 

44 

f 

1 

17 

1 

vF.  vS.  er. 

46  oj 

- — 

— 

P 

2 

55 

f 

1 

16 

1 

vF.  vS . 

461! 

27 

1 8(0  Pif.  Au. 

f 

90 

20 

n 

1 

56 

1 

vF.  cL.  IE.  glbM.  4 or  3'  1. 

462 

Nov.  7 

82  (^)  Ceti 

f 

8 

1 

f 

0 

36 

1 

vF.  S. 

463 

22 

25  

P 

12 

56 

f 

0 

23 

2 

vF.  pL.  iR.  r. 

464 

67  

46  (1)  Pegafi 

P 

20 

1 1 

n 

0 

59 

1 

eF.  S.  found  in  gaging. 

465 

23 

f 

1 1 

21 

n 

0 

54 

1 

eF.  S.  iF.  240  the  fame. 

4661 

82  

f 

5 

54 

f 

0 

15 

1 

vF.  S.  R.  lbM. 

467 

27 

18  Ceti 

P 

1 1 

J5 

n 

0 

12 

1 

eF.  vS.  240  left  fome  doubt. 

468 

72  (?) 

P 

27 

n 

0 

43 

1 

vF.  E.  nearly  mer.  lbM.  i'|l.  i'b*- 

469 

83  (t) . — 

f 

*9 

27 

f 

0 

3° 

1 

vF.  ftellar.  240  left  fome  doubt. 

470 

28 

91  Aquarii 

P 

1 

53 

f 

0 

7 

1 

cF.  vS.  240  left  doubtful. 

47 1 

— 

33  M Ceti 

P 

*3 

54 

n 

0 

40 

1 

A few  Sft.  mixed  with  nebulofitv. 

47  2 

* 

SS(lft£) — 

4*  48 

f 

0 

18 

1 

vF.  pL.  vlbM.  near  fcattered  ft. 

473 

29 

87  (a)  Pegafi 

P 

44  S3 

f 

1 

26 

1 

eF.  cL.  fome  doubt,  p.  a row  of  ft. 

474 

23 (2d  9)  Arie 

f 

7 

29 

n 

0 

5° 

1 

eF,  vS.  iR.  confir.  240. 

475 

— — 

34  0 

P 

1 

44 

f 

0 

44 

1 

vF.  S.  confir.  24O. 

476 

Dec.  5 

34(0  Andro 

P 

1 1 

14 

f 

0 

23 

1 

vFo  vS.  ftellar.  fp.  pBft. 

477 

— 

36 

P 

2 

25 

n 

0 

44 

1 

vF.  S.  R.  juft  p.  vFft. 

478 

7 

20  Leo.  min. 

f 

1 

20 

n 

0 

47 

1 

eF.  S.  left  doubtful. 

479 

26 

2(e)Can,  min 

f 

26 

18 

n 

0 

25 

1 

fufpedted.  eF.  vS.  IE. 

480 

28 

9 (0)  Virgin 

f 

12 

46 

f 

2 

5 

1 

vF.  L.  feen  by  looking  at  II.  137, 

481 

— 

3i(  iftaf) 

P 

*7 

49 

n 

1 

44 

1 

vF. 

482 

— 

— 

P 

i5 

22 

n 

i 

39 

1 

eF.- 

483 

— 

P 

12 

49 

n 

1 

24 

1 

vF. 

48  4 

• — 

— 

F 

1 1 

8 

n 

1 

34 

1 

vF. 

48S 

3° 

46  Ceti 

P 

40 

9 

f 

1 

4 

2 

vF.  S.  iF.  r. 

486 

76  (*)  

P 

12 

32 

f 

0 

52 

1 

vF.  vS.  iF.  better  with  240, 

487 

> . — 

20  Eridani 

P 

3 

52 

n 

2 

H 

1 

vF.  S.  E. 

488 

31 

9 Hydrae 

i 

3s  13 

f 

0 

26 

1 

vF.  cL  gvlbM,  3'!.  a'b.  p.  pBft* 

489 

1786 

S3  Virginis 

P 

18  36 

f 

0 

47 

1 

tF.  S.  lbM. 

49c 

Jan.  1 

45  Eridani 

P 

I I 

4i 

f 

0 

42 

1 

vF.  vS.  IE.  better  with  240.  . 

49 1 

13  (n)  Virgin 

P 

l6 

10 

n 

0 

35 

2 

vF.  S.  R.  bM. 

49  2 

• — 

•5  (.)  — 

f 

7 

0 

f 

0 

15 

2 

vF.  cL.  mE,  r. 

493 

■ — 

29  (?) 

P 

6 

35 

n 

1 

ia 

2 

eF.  S.  iF. 

494 

If 

1 

24 

n 

0 

2 

vF,  pS.  E. 

49S 
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61  Urlae 


36  Sextantis 
58  (^)Leonis 
39  (A)  Erida 
69  (*)  — 
57  M — 


M.  S. 


58  o 
70  52 
6 47 

o 43 

6 26 

3 50 
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0 46 
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1 20 
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39 
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2 
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P 

38 

27 
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D 

34 

— 

64 

f 

16 

1 

f 

D 

39 
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f 

32 

47 

n 

0 

7 

4 

82  — 

P 

9 

23 

f 

0 

4 

19  Librae 

P 

18 

52 

f 

0 

27 

22 

5 (0)  Virgin 

f 

49 

54 

f 

0 

35 

24 

£3  Orionis 

r 

1 

*3 

n 

0 

/ 

HO  Virginis 

f 

3 

5 

f 

0 

25 

3 

iy(@)  Canon 

P 

14 

9 

n 

0 

9 

6 (b)  Leonis 

f 

2 

1 

n 

0 

25 

— - 

26(%)  Virgin 

f 

10 

4 

f 

I 

8 

— .... . ■— ■■ 

f 

12 

19 

1 

0 

26 

r 

f 

H 

18 

f 

0 

4i 

— * ■ 

f 

14 

4 3 

f 

0 

48 

*9 

41  (a)  Hydra; 

P 

0 

28 

i 

0 

5 

24 

1 Sextantis 

f 

1 

47 

n 

0 

7 

25 

27  Hydrae 

f 

3 

9 

f 

r 

0 

51 

— — ■ 

f 

22 

39 

1 

0 

45' 

14  (e)  Crater 

P 

34 

1 

{ 

2 

2 

— 

21  (q)  Virgin 

f 

x3 

23 

f 

O 

3 8 

— 

— — . — — 

f 

*5 

H 

i 

I 

59 

— 

49  C?) 

P 

14 

19 

n 

I 

14 

— 

— — - — . .. 

P 

J3 

*5 

n 

O 

8 

27 

8 Sextantis 

P 

iO 

33 

1 

O 

31 

— . , ' ' — 

P 

9 

10 

f 

I 

32 

16  («)  Crater 

P 

13 

0 

f 

r 

I 

46 



P 

3 

32 

i 

I 

30 

— — 

P 

2 

47 

f 

! r 

I 

32 

— — — 

f 

1 

7 

f 

1° 

5i 

■24(0  

f 

f 

28 

33 

31 

5i 

i 
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!o 

!o 

j 

59 

48 

— , 

f 

40 

50 

I n 

0 

S8 

■ 68  (‘)  Virgin 

P 

36 

17 

f 

0 

33 

• — > — » 

P 

34 

23 

f 

0 

39 

. — 

IP 

31 

24 

n 

0 
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Ob 
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2 

I 

I 
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Defcription. 


eF.  S.  iF.  r. 
eF.  vS.  pmE. 
cF.  S.  R.  vlbM, 
vF.  mE. 
vF.  S.  E.  er. 
cF.  S.  iF.  bM. 
vF.  vS. 
vF.  S. 

vF.  pL.  fp.  2pBft.  equil.  triang, 
vF.  pS. 
vF.  vS.  R. 
vF.  E.  1!  i. 

vF.  vS.  er.  240  rather  confir. 
vF.  cL.  iE.  nearly  mer. 
vF.  vS. 

eF.  E.  er.  probably  a patch  of  ft. 
vF.R.precedesI.  128.7'l.andis^n 
vF.  S.  R.  mbM.  2aO  ditto. 
eF.  vS.  ftellar.  24O  verif. 
eF.  S.  mE. 
vF.  S.  E. 
vF.  S. 
vF.  S. 

vF.  S.  R.  in  the  field  with 
f vF.  pL  vgvlbM.  betw.  2 groups 
\ of  ft.  np,  ff. 
vF.  S.  E. 
cF.  pS.  IE. 

cF.  pL.  iR.  lb.  near  M, 
vF.  E.  fp  nf.  4/I.  3'  b. 
cF.  mE.  r.  4'  1.  J'  b. 

vF.  vS. 

eF.  eS.  fome  little  doubt. 

vF.  S.  iR.  vgbM. 

vF.  S.  E.  nearly  mer. 

eF.  S. 

vF.  ftellar. 

cF.  ftellar.  vlbM. 

vF.  IE.  vlb.  about  M. 

vF.  S.  iF.  time  a little  inacc. 

vF.  pL.  of  uneq.  light. 

vF.  pS.  iF. 

cF.  ftellar. 

vF  vS.  iF. 

eF,  S.  er. 
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1 1 (j)  Virgir 

f 

37  39 
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— — 
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— — 
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3° 
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P 

0 3i 
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— 

84  (.j  — 
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9 1 

55° 

— 
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5 32 

55 1 
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| May  1 

31  Bootis 

P 

23  9 

553 

3 

50  (<r)  Serpen 

P 

12  7 

554 

27 

3 

P 

21  20 

55  5 

June  22 

10 1 Hercul 

P 

2 55 

556 

Sept.  4 

7 1 (s)  Pifcium 

f 

22  10 

557 

18 

85  Ceti 

P 

6 18 

558 

20 

<,7  Aquarii 

P 

r4  9 

559 

- — 

54  Eridani 

P 

65 18 

56° 

21 

4^  Androm 

f 

16  14 

561 

- — 

58  — 

P 

‘7  32 

5*42 

563 

564 

]'  “ 

— ■ — 

P 

15  22 

565 

566 

— 

— * 

P 

5 4 

5^7 

■ — 

— 

f 

2 29 

568 

3° 

17  Eridani 

P 

817 

569 

— 

26  (IS)  Perfei 

f 

9 13 

57C 

061.  17 

P 

43  39 

57* 

— 

P 

42  9 

572 

573 

) - 
1 

\ — 

— 

P 

32  26 

574 

1 

f 

13  6 

575 

i 

576 

18 

12  Androm 

P 

24  27 

577 

53  (t) 

P 

18  55 

578 

28  (<y)  Perfei 

P 

2 3O 

579 

24 

17  (4)  Andro 

P 

3 21 

580 

30  Perfei 

P 

20  43 

5Sl 

2 5 

40  Arietis 

P 

8 24 

582 

• — 
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1 17 
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io(«)  Triang 
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12 

17 


o 27 

0 51 

o 44 
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47 
8 

16 

3 
3 
18 

7 

o 29, 


1 vF.  vS. 

2 vF.  S.  E.  2G°np  f f.  contains  2vFft. 

3 cF.  S.  iR.  gbM.  r.  i'|  dia. 

3 jcF.  vL.  iF.  1,4/  b.  fp.  a double  ft. 
1 eF.  pL. 
vF.  vS. 
eF.  cS.  er. 

J Two.  Both  vF,  vS.  r.  the  place 
[ betw.  them,  fp  nf.  but  near.mer. 
vF.  cS.  with  240  IE.  near  vSft. 
eF.  vS.  ftellar.  confir.  240. 
vF.  S.  p.  and  in  a line  with  2Bft. 
JTwo.  Both  eF.  vS.  The  place 
[ is  that  of  the  f.  dift,  g or  4-' 
cF.  iF,  r.  5'  1.  3'  b. 
vF.  Si  E.  np  ff.  but  nearly  mer. 
cF.  S.  IE.  iF.  r. 
vF.  mE.  750  fp  nf.  1. 
vF.  vS.  IE.  r.  240  the  fame. 
eF.  cL.  iR.  5 or  6 ' dia. 

3vSft.  in  a line  with  vF.  nebulofify. 
vF..  S.  E.  among  ft. 
vF.  ftellar. 

(Four,  ftellar.  unequal.  Three  in 
a row,  and  the  fourth  making  a 
a redtangle  with  them.  That  at 
the  angle  is  much  larger. 
vF.  pL.  iR. 
vF.  S.  IE. 

eF.  S.  iF.  among  3 or  4 ft. 
eF.  IE.  er. 
eF.  vS.  IE. 

eF.  ftellar.  not  verified. 

J Two.  Both  vF.  vS.  er.  dift.  4'. 

J the  place  between  them, 
f Two.  BothvF.  ftellar.  vlbM.  but 
\ the  f.  is  the  brighteft  and  largeft. 
vF,  S.  iR.  ftellar. 
vF.  pL.  IE.  IbM. 

F.  vS. 
vF.  vS.  juft  f.  pBft. 
fufpe&ed.  r.  fome  ft.  vifible. 
vF.  E.  iF.  time  inaccurate. 
vF.  S,  iF. 

vF,  vS,  E,  or  3 F ft.  with  vF.Nebul. 

584 
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Stars* 

M.  S. 

584 

061.  26 

35  Arietis 

P 

0 41 

n 

585 

Nov.  26 

48  (*)  Eiidani 

P 

3 33 

f 

586 

— 



P 

3 6 

f 

587 

28 

42  (4) 

f 

2 34 

n 

588 

— 

— 

f 

7 35 

f 

5^9 

— 

— . 

f 

10  16 

f 

59° 

Dec.  14 

8 Leporis 

f 

9 18 

f 

59 1 

' 15 

I3(£)  Eridani 

P 

4 35 

f 

592 

593 

j 20 

Neb.II.  447. 

P 

0 b 
0 0 

f 

594 

— 

26  Ceti 

f 

18  21 

f 

595 

21 

29 

P 

28  42 

n 

596 

— 

44  Hydras 

P 

34  21 

n 

597 

24 

■ — — —— 

P 

59  13 

n 

59b 

3° 

1787 

59  (r)  Leonis 

f 

2 40 

f 

599 

Jan.  11 

55(^)Gemini 

f 

68  4 

f 

600 

14 

30  (>i)  Leonis 

P 

II  47 

f 

601 

— 

— — 

P 

ii  4 

n 

602 

« — 

29  Comae 

P 

12  7 

11 

602 

— — 

— — — 

P 

6 16 

11 

J 

604 

17 

58  Androm 

f 

2 45 

f 

605 

Feb.  10 

9(iflj«xjCanc 

P 

3 J5 

n 

606 

J3 

I0(2d  f*) 

f 

11  31 

f 

607 

33  M — 

P 

12  33 

n 

608 

22 

69  (,)  — 

f 

2 5 

n 

609 

■ — 

21  (9)  Crater 

f 

2 28 

n 

610 

■ — 

65  Virginis 

P 

33, 5 1 

f 

61 1 

— 



P 

32  29 

n 

612 

March  1 1 

87  (^)Leonis 

f 

23  23 

f 

613 

— 

44  ( k ) Virgin 

P 

1 42 

n 

614 

. — 

— — . 

f 

0 57 

f 

6*5 

*7 

38  Leo.  min. 

P 

1 27 

f 

616 

— 

b Canum 

P 

34  40 

f 

617 

— 

— , 

P 

27  3 

f 

618 

— 

12  — 

P 

3 8 

f 

619 

• — 

l7  

f 

11  29 

n 

620 

— 

— 

f 

26  36 

f 

621 

— 

— 

f 

38  29 

f 

622 

• — 

12(A)  Coronas 

f 

7 17 

f 

62  3, 



f 

24  7 

f 

624 

— 

— - ■— — 

f 

27  24 

f 

625 

18 

IO  ( n ) Urfae 

P 

2 41 

f 

626 

— 

— — — - 

f 

7 H 

f 

jD.M. 

oh;. 

Defcription. 

0 50 

1 

vF.  S.  faM. 

1 2 

1 

fufpedled  ; hazy  weather. 

0 56 

0 

f eF.  S.  E.  nearly  par.  another 

1 fufpec.  3'  ff.  ftellar. 

0 9 

1 

vF.  S.  bM.  betw.  2 ft. 

1 57 

1 

vF.  S. 

1 22 

1 

vF.  cL.  iE.  nearly  par.  bM, 

0 6 

1 

eF.  ftellar.  a little  doubtful. 

0 6 

1 

eF.  ftellar.  about  1'  nf.  II.  286. 

0 2 

1 

j Two.  The  p.  vF.  vS.  The  next 

0 5 

1 eF.  eS.  and  left  doubtful. 

0 23 

1 

vF.  mE.  bM.  3'f  1.  i'\  b. 

1 17 

1 

vF.  S.  fome  ft<in  it. 

0 50 

2 

vF.  S.  IbM.  ff.a  trapezium  of  S,  ft. 

2 44 

1 

vF.  S.  R.  vglbM. 

1 19 

1 

eF.  S.  IE,  not  verified. 

0 32 

1 

eF.  pL.  r. 

0 20 

1 

vF.  S.  iR. 

0 3 

1 

vF.  cS.  IE.  er. 

0 6 

1 

vF.  cL.  vgbM.  f.  cBft. 

0 11 

1 

VF.  E.  np  ff.  1. 

0 21 

1 

vF.  ftellar.  confir,  240. 

0 46 

1 

vF.  S.  iF. 

1 1 

2 

vF.  S.  ftellar. 

0 38 

1 

vF.  vS. 

0 33 

1 

eF.  S.  R.  vlbM. 

0 28 

1 

vF.  vS.  R.  with  240  gbM. 

0 12 

1 

cF.  pL.  E. 

0 50 

1 

vF.  S.  no  time  to  verify. 

0 57 

1 

vF.  cS.  E. 

0 8 

1 

vF.  E.  er. 

0 49 

1 

cF.  S.  iR. 

0 27 

2 

cF.  S.  er. 

1 1 

2 

vF.  cL.  iF.  4?  dia.  5'  f.  ft.  6 m. 

1 13 

2 

eF.  pL.  iR.  1'  dia.  or  more. 

1 31 

1 

eF.  vS. 

0 2 

1 

vF.  S.  E.  nearly  mer. 

0 14 

1 

cF.  E.  nearly  par.  r.  |'l. 

0 46 

1 

vF.  S.  iR.  conf.  300. 

° 37 

1 

vF.  S.  R.  difcov.  in  gaging* 

0 19 

1 

vF.  vS.  n.  2 ft-  300  confir. 

0 9 

1 

vF.  S.  bM.  difcov.  with  ^OO 

2 27 

1 

vF  vS.  300. 

0 4 

2 

vF.  S.  iF.  IbM,  r.- 

627 
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III. 

1787  | 

Stars. 

627 

March 

18 

43  Lyncis 

P 

628 

P 

629 

630 

) 

P 

631 

34  M Urfe 

f 

632 

47  

P 

633 

— 

20  Canum 

f 

634 

- — 

54(4)  Bootis 

P 

63s 

l 

_ 

f 

636 

J 

637 

- — 

3°  (<3 ) Hercul 

P 

638 

— 

— _ — 

P 

639 

• — 

— — 

P 

640 

■ — 

- — — — — — 

f 

641 

— 

T—  

f 

642 

19 

70  Virginis 

f 

643 

— 

— . , . 

f 

644 

— 

5 (d)  Bootis 

f 

645 

— 

30  (.0  - — 

P 

646 

• — 

28 (0)  Serpen 

f 

647 

20 

44  Lyncis 

P 

648 

■ — 

13  Canmii 

P 

649 

■ — . 

— . ... 

f 

650 

* — 

— - . . .. 

f 

651 

— 

— 

f 

652 

— 

— - . - 

f 

653 

— 

— — . 

f 

654 

April 

9 

19  — 

P 

655 

■ — 

— ■ , 

P 

656 

• — 

20 

f 

657 

1 

f 

658 

i 

. 

659 

— 

f 

660 

— 

f 

66 1 

/ 

. 

f 

662 

1 1 

29  (y)  Virgin 

f 

663 

■ — • — • 

f 

664 

4 - 



f 

66  s 

*5 

90  (P)  — 

P 

666 

I02(  ifty)  — 

P 

667 

— . — - 

P 

668 

■!°5(?) 

P 

669 

May 

7 

6l 

P 

67c 

— 

P 

671 

8 Librae 

P 

M.  S. 


!7  5° 
16  48 

15  24 

3 39 

2 8 

1  58 

1 24 

6 42 

24  1 8 

3 33 

2 53 

0 54 

1 10 

1 37 

3 43 

25  4i 

10  16 

11  15 

33  11 
36  41 

12  29 

19  54 
27  11 

29  47 
62  59 

7 3b 

* 26 

15  21 

83  33 

1 1 7 16 
1 1 9 18 
125  25 

2 8 


1 48 
19  18 

18  S3 
3 29 
5 42 

2 45 

9 38 


D.M. 

Ob 

Defcription. 

f 

1 

2 

2 

vF.  vS.  fteliar.  300. 

f 

0 

9 

I 

jF.  cS. 

f 

0 

8 

I 

f Two.  Both  vF,  vS.  dift.  3'... 

\ nearly  mer.  300. 

f 

1 

55 

2 

vF,  S.  R.  300. 

n 

0 

32 

2 

cF.  vS.  IE.  mer.  gmbM. 

f 

0 

*3 

I 

vF.  S.  lbM. 

f 

0 

36 

I 

vF.  vS.  conf.  300  fp.  2 vBft. 

n 

0 

46 

I 

| Two.  The  nf.  vF.  vS.  verif.300. 

{ The  fp.difcov.with  300  eF.S.iF. 

f 

1 

5 

I 

vF.eS. 300. fliewed2vSil. with  nebu. 

f 

0 

59 

I 

vF. vS. 

1' 

1 

24 

I 

eF.  eS. 

f 

1 

5 

I 

vF.  vS. 

f 

1 

16 

I 

vF. vS. 

f 

0 

26 

I 

vF.  S.  iF.time  I.  inaccurate. 

n 

0 

5 

I 

vF.  S.  IE.  juft  ff.  ft. 

f 

0 

44 

I 

vF.vS.  E.  confir.  300. 

n 

0 

*7 

I 

eF.  vS.  lbM.  betw.  2vFft.  300* 

n 

0 

24 

I 

vF.  S.  IE. 

f 

2 

16 

I 

vF.  vS.  verif.  300. 

n 

0 

46 

I 

vF.  E.  par.  i'  1.  • 

n 

1 

0 

I 

vF.  S.  IE. 

n 

2 

18 

I 

eF.  vS. 

n 

1 

1 1 

I 

vF.  S. 

n 

0 

17 

I 

eF.  vS. 

n 

1 

34 

I 

vF.  pS.  E.  mer.  300. 

n 

0 

51 

I 

vF.  vS.  lbM. 

n 

2 

57 

I 

vF.pS.lbM,*forgot,butis5,6,or7'. 

n 

1 

*5 

I 

vF.  vS.  lbM. 

f Two.  Both  vF.vS. E. in  difter.di- 

n 

1 

57 

i 

1 re<ftions.2or3'dift.par.eachf.Sft* 

n 

0 

18 

I 

vF.  vS.  r. 

n 

1 

16 

I 

eF.  cS. 

n 

0 

44 

I 

eF.  S. 

n 

0 

54 

I 

vF.  pL. 

n 

0 

55 

I 

vF.  S.  iF. 

f 

0 

I 

vF.  S. 

n 

0 

23 

2 

cF.  cL.  R.  vlbM.  r.  5'  dia. 

f 

0 

55 

I 

eF.  vS. 

f 

0 

33 

2 

eF.  vS.  verif.  300.  2d  obf.  vF.  S* 

f 

0 

58 

I 

cF.  S.  r. 

n 

1 

3° 

I 

vF. 

n 

1 

46 

I 

vF. 

f 

1 

28 

I 

cF,  S,  R.Tp  and  joining  2S1L 

of  next)  Nebula  and  Clujters  of  Stars . 
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672 

673 

674 

67  s 

676 

677 

678 

679 

680 

681 

682 

68  3 

684 

685 

686 

687 

688 

689 

690 

691 


VOL.  LXXIX. 


1787 

Stars. 

- 

M.  S. 

May  12 

19  (x)  Bootis 

P 

48  5s 

- — 



P 

3s  3° 

— 

— — 

P 

5 S2 

— - 

38(2^1  h)  — 

P 

11  18 

*5 

24  C?) 

P 

16  34 

* — 

— — — 

P 

2 56 

} - 

^ABootis  7m 

f 

0 3 
0 48 

J 

C-— 

42  Herculis 

P 

*3  l7 

16 

* C Canm6m. 

f 

0 44 

■ — 

— . — , — — - 

f 

7 35 

— 

, — - 

f 

12  35 

— — 

f 

i3  49 

27  (7)  Bootis 

P 

i9  48 

• — 

— — — — 

f 

8 42 

— 

— — 

f 

i3  27 

— — 

i6(r)Coronae 

f 

7 34 

— 

67  (Tr)Hercu 

P 

20  32 

19 

IO  Libras 

P 

4 ^ 

— ___ — ~ 

f 

, 6 51 

Aug.  1 2 

33(t)Aquarii 

P 

5 23 

Sept.  1 1 

P 

II  30 

061.  11 

50  (/)  Caffio 

f 

90  22 

Nov.  3 

10  Camelop 

P 

155  0 

5 

17  Cephei 

P 

16  35 

1788 
Jan.  14 

67  Urfse 

f 

II  9 

27  (7)  Bootis 

P 

39  53 

— - 

— ——  — 

P 

38  20 

Feb.  3 

45  (■»)  Urfe 

P 

H S3 

. — 

P 

6 6 

13  Canum 

P 

42 13 

5 

7i(«)Gemin. 

P 

10  3 

60  Urfas 

P 

81  1 1 

— 

P 

39  57 

— — 



P 

23  49 

rnn  m 1 

63  (x) 

f 

11  2 

l 6 

59  

f 

30  14 

) March  9 

21  Lyncis 

f 

34  50 

) — 

9 (.)  Urfe 

P 

45  51 

— — 

P 

41  10 

► 

— 

P 

4 49 

} — 



f 

25  7 

1-  — 

— — — - 

f 

24  58 

63  (x) 

f 

3 26 

n 

n 

n 

n 

n 

f 

11 

n 

f 

f 

f 

n 

n 

n 

n 

f 

f 

f 

f 

n 

11 

n 

n 

f 

n 

n 

n 

f 

f 

f 

f 

f 

f 

n 

n 

f 

n 

n 

n 

n 

n 

n 


O 0 


D.M.jOb 

Defcriptiom 

O 4 I 

0 

cF.  vS.  fceilar.  300. 

2 21 

1 

cF.  S.  R.  or  IE. 

2 31 

1 

cF.  cS.  iR. 

0 35 

1 

vF.  pS.  iF.  fp.  2 S.  unequal  ft. 

0 35 

2 

cF.  cS.  IE  nearly  par. 

1 15 

1 

vF.  pS.  IE. 

0 3 

1 

( Two.  The  p.  vF.  vS.  The  f. 

0 1 

\ eF.  eS.  * See  note. 

1 0 

2 

vF.  S.  R.  lbM.  er.  near  fome  Sft. 

0 15 

1 

cF.  vS.  IE.  * See  note. 

0 7 

1 

eF.  cS.  E.  fp.  Sft. 

0 25 

1 

cF.  pL.  iF. 

0 34 

1 

vF.  vS.  R. 

1 6 

2 

vF.  cS.  R.  fbM. 

0 18 

1 

eF.  cS.  lbM. 

0 23 

1 

cF.  pS.  another  fufpec.  2/n.  300® 

0 48 

1 

vF.  cS.  iR. 

0 11 

i 

eF.  cL.  iE.  nearly  par. 

0 43 

1 

vF.  cS.  iF.  lbM. 

0 59 

1 

cF.  fmbM.  fteilar. 

0 38 

1 

eF.  E.  np  ff.  2'i.  i'b. 

0 36 

1 

eF.  vS.  360  confirmed  it. 

0 30 

1 

vF.  vS.  iR.  bM. 

° 53 

1 

eF.  pL.  iF< 

0 47 

2 

vF.  S.  R.  lbM.  r.  1'  dia. 

0 40 

3 

vF.  E.  np  ff.  5T.  1'  b. 

1 29 

2 

vF.  S. 

2 8 

2 

vF.  S.  iF. 

1 33 

i 

cF.  L.  iE.  mb.  f.  M.  4'!.  2*|  b. 

0 1 

1 

vF.  vS.  iF. 

0 55 

1 

vF.  vS. 

0 46 

1 

vF.  vS.  perhaps  a patch  of  ft. 

0 22 

1 

eF.  v§.  perhaps  a patch  of  Sft. 

0 43 

1 

vF. 

0 38 

2 

vF.  vS.  IE.  f.  cBft. 

0 34 

2 

vF.  vS.  another  fufp.  ff.  eF.  eS. 

0 31 

1 

vF.  vS.  in  a line  with  2 ft.  nf  fp. 

1 41 

1 

vF.  R.  vgbM.  t!\  dia. 

0 49 

1 

vF.  iF.  2'fl.  i'|b. 

1 49 

1 

eF.  E.  fp  nf.  3' \ 1.  2'f  b. 

1 6 

1 

eF.  cS.  r.  p.  fome  Fft. 

1 is 

1 

cF.  cS.  IE, 

1 11 

1 

cF.  cS.  IE, 

° 39 

1 

eF.  pS, 
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03 

^■4 

Stars.. 

M. 

S. 

1 

D.M. 

Db 

Defcription. 

716 

March  9 

53  (x)  Urfe 

f 

5 

2 

n 

2 

26 

I 

vF.  vS. 

7*7 

— 

3 Canum 

P 

H 

1 

n 

0 

37 

I 

cF.  mE.  nearly  mer.  3'  1. 

718 

•— 

P 

4 

6 

f 

0 

54 

I 

vF.  vS. 

719 

720 

} - 

— 

P 

2 

47 

f 

1 

31 

I 

J Two.  Both  vF.  vS.  dill,  i'  in 
[ the  fame  meridian. 

721 

— 

— 

f 

S2 

1 

f 

I 

21 

I 

vF.  S. 

722 

1 1 

49  (g)  Virgin 

P 

18 

9 

f 

0 

21 

I 

eF.  S.. 

723 

April  1 

Neb.  II.  728. 

P 

0 

25 

f 

0 

2 

I 

eF.  vS. 

724 

8 

61  Virginis 

f 

1 

43 

f 

2 

23 

I 

cF.  vS. iF. 

725 

IQ 

60  Urfae 

f 

39  4° 

f 

I 

H 

2 

eF.  cL.  iR.  IbM.  3' dia,. 

726 

— 

. 

f 

42 

45 

f 

O 

34 

2 

vF.  pS.  R. 

727 

12 

35  HHercul 

f 

l6 

1 1 

n 

O 

14 

I 

cF.  S.  E.  par. 

728 

13 

42 

f 

20 

46 

n 

O 

54 

I 

vF.  cS.  iR. 

729 

27 

19  (A)  Bootis 

P 

IJ3 

28 

f 

O 

3 

I 

vF.  S. 

73° 

28 

27  (/3)Hercu 

f 

4 

6 

n 

0 

2 

I 

eF.  vS.  E. 

731 

29 

27  (y)  Bootis 

P 

15  47 

n 

I 

16 

I 

vF.  vS. 

732 

- — 

— — 

P 

15 

33 

n 

1 

22 

I 

vF.  vS.  IE. 

733 

— 

— 

P 

9 

25 

n 

2 

1. 

I 

vF.  vS. 

734 

— — - 

P 

8 

52 

n 

2 

8 

I 

cF.  pS. 

735 

22  (r)Hercu 

f 

30 

i7 

1 

I 

2 

I 

eF.  pS.  with  300  iF. 

736 

5° 

21  ( 1 ft?)  Libr 

f 

7 

7 

n 

I 

59 

I 

vF.  pL.  E.  mer.  IbM.  3O0* 

737 

May  1 

23  (6)  Bootis 

f 

49  59 

f 

I 

46 

I 

vF.  vS.  ftellar. 

738 

25 

12  (»)  Draco 

f 

i7 

8 

n 

0 

44 

I 

vF.  vS. 

7,39 

June  2 

14  (^) 

P 

32  3° 

n 

0 

57 

I 

vF.  R.  vgbM.  er.  3'  dia. 

740 

3 

(A) 

P 

IO 

14 

f 

3 

21 

I 

cF. pL.  iE. 

741 

6 

31(1  ft'r;  — 

P 

5 

13 

f 

0 

5 

I 

eF.  ftellar.  with  300  IE.  par. 

742 

July  8 

*B  Draco7m. 

f 

4 

25 

f 

0 

27 

I 

vF.  ftellar.  verif.  300.  # See  note* 

743 

30 

19  Aquilse 

f 

9 

24 

n 

0 

26 

I 

cF.  iR.  r.  3 or  4'  dia. 

744 

Aug.  2 

51 

P 

8 

8 

n 

0 

29 

I 

vF.  pL  R.  vgmbM„. 

745 

Nov.  1 

27  (^)  Cephei 

f 

26 

10 

f 

1 

24 

I 

vF.  pL,  iF.  er. 

746 

• 

36  Camelop. 

f 

64 

5 

f 

0 

3* 

I 

vF.  S.  R.  IbM., 

747 

Deci  3 

*22Cam  Hev 

P 

37 

1 

f 

0 

8 

I 

[cF.  pL.  iF.  mbM.  er.  fome  ft. 
1 vifible.  * See  note. 

Fourth  clafs.  Planetary  nebulae. 

Stars  with  burs,  with  milky  chevelure,  with  Ihort  rays,  remarkable  lhapes,.  &c. 


yy 

IV. 

17,85 

Stars. 

M.  S. 

D.M. 

Ob 

Defcription. 

30 

May  1 

14,  Canum 

P 

6 48 

° 55 

e 

i-Y 

2 

Two  ft.  dill.  3'  conneded  with  a 
vF.  narrow  nebulolity.. 

31 

061.  3 

40  Aquarii 

f 

7 55 

0 37 

I 

F.  S.  ftellar.  with  pL.  chev. 

32 

5 

62(£)Eridani 

f 

Q-  35 

n 

0 21 

2 

vB.  vS.  mbM.  like  a ft.  affe6led 
with  irregular  burs. 

33 

< 

1 

49  (d)  Orion 

P 

% 

2 33 

n 

0 28 

a 

) 

4 

A ft.  with  m.  chev#  or  vBN.  with 
m.  nebulofity* 

& 34 

> 
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IV. 

178s 

Stars, 

M.  S. 

D.M.;ob 

i 

| Defcription,. 

34 

Dec.  28 

40(2dp)  Orio 

f 

5 4* 

f 

0 12 

2 

cB.  S.  nearly  R.  like  a ft.  with  L. 
dia.  with  240  like  an  ill  defined 
planetary  neb. 

35 

31 

1786 

9 Hydrze 

P 

8 19 

f 

0 14 

I 

A S ft.  with  a brufti  Ip.  FS.  it  re- 
fembles  fig.  7,  Phil.  Tranf.  VoL 
LXXIV.  Tab  17. 

36 

Jan.  1 

60  Orionis 

P 

11 38 

f 

0 20 

3 

A ft.  affected  with  vF.  extenfive  m.- 
chev.  The  ft.  not  quite  central. 

37 

Feb.  15 

28  («)  Draco 

f 

20  33 

1 

f 

2 12 

1 

A planetary  neb.  vB.  has  a difk  of 
about  35"  dia.  but  very  ill  de- 
fined edge.  With  long  attention 
a vB.  well  defined  R.  center  be-, 
comes  vifible. 

38 

24 

53  Orionis 

f 

18  3 

21 

1 17 

2 

A eft.  affected  with  vF.  m.  chev. 

39 

March  1 9 

r 

2 Navis 

P 

3 32 

{ 

0 5 

1 

pB.  R.  r.  within  the  46th  of  the 
Conno'Jf.  des  Temps  almoft  of  am 
equal  light  throughout  2 ' dia.  no 
connection  with  the  clufter,  which 
is  free  from  nebulofity. 

40 

27 

63  (*)  Virgin 

P 

3°  45 

f 

0 18 

1 

A pBft.  with  a feeming  brufti  to  it 
np.  may  be  a vS  neb.  clofe  to  it. 

4i 

May  26 

14  Sagittarii 

P 

11  58 

f 

1 !S 

•1 

A double  ft.  with  extenfive  nebu- 
lofity of  different  intenfity.  About 
the  double  ft.  is  a black  opening 
refembling  the  neb.  in  Orion  in 
miniature. 

42 

Sept,  30 

51  Ceti 

f 

7 .26 

n 

O 27 

1 

A ft.  about  8 or  9 m.with  vF.bran* 
mer  each  branch  if  1. 

43 

Oft.  3 7 

26  (/3)  Perfei 

P 

2 48 

n 

I S4 

2 

A pBft.  with  2 F.  branches. 

44 

Nov.  28 
1787 

5 Monocero 

P 

7 16 

f 

0 2 

1 

A ft.  involved  in  m.  chev. 

45 

Jan.  17 

5S'P)Gemin 

f 

9 6 

f 

1 1 

2 

A ft.  9 m.  with  a pB.  m.  nebulofity* 
equally  difperfed  all  around.  A 
very  remarkable  phenomenon. 

46 

Feb.  22 

99  (0  Virgin 

P 

4 3s 

n 

° 57 

1 

pB.  almoft  cB.  vS.  ftellar.  like  a 
ftar  with  burs. 

47 

March  1 1 

44  i&)  — 

f 

I 48 

f 

0 46 

1 

pB.  ftellar.  refembles  a ft.  with  a 
bur  all  around. 

4^ 

18 

19  Leo.  min 

f 

■ 

6 32 

f 

0 17 

1 

A vFft  affected  with  vF.  nebulofity. 
E.  fp  nf.  i'i.  3C0. 

49 

April  15 

I02(  i fttJVir 

P 

6 9 

f 

0 52 

2 

pB,  ftellar.  like  a ft.  with  a S.  bur 
all  around. 

So 

May  12 

7 7 (*)  Hercul 

P 

40 13 

f 

O 

0 28 
0 % 

1 

vB.  R.  4'  dia.  almoft;  equally 
v/ith  a F.  r.  margin. 

5* 

/ 
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IV. 

1787  j 

Stars. 

M.  S.  j 

D.M.;0b 

Defcription. 

51 

Aug.  8 

61  (g)  Sagitt 

P 

13  56 

n 

1 23 

2 ! 

A cB.  S.  beautiful  planetary  ne- 
bula ; but  c.  hazy  on  the  edges, 
of  a uniform  light;  10  or  15" 
dia.  perfectly  R,  i {hewed  it  fo 
M.  De  la  Lande. 

52 

Nov.  3 

4 [d)  Caffio 

P 

4 0 

f 

i 6 

2 

A ft.  9 m.  with  vF.  nebulolity  of 
S.  extent  about  it. 

53 

1788 

IO  Camelop 

1 ' 

P 

55  42 

n 

0 1 1 

2 

A pB.  planetary  nebula,  near  1' 
dia.  R.  .of  uniform  light  and 
pretty  well  defined.  2 obf.  with 
360  magnified  in  proportion;  but 
ftill  pretty  abruptly  defined,  and 
a little  elliptical. 

54 

Jan.  14 

67  Urfas 

f 

7 32 

f 

0 30 

1 

cB.  S.  N.  withF.  chev. 

55 

Feb.  6 

34  Lyncis 

P 

28  4 

n 

0 2 

2 

pB.  R.  almoft  of  an  even  tight 
throughout,  approaching  to  pla- 
netary, but  ill  defined  and  a little 
fainter  on  the  edges  j or  i'  dia. 
p.  1'  pc  ft. 

56 

— — 

39  Urfae 

f 

25  11 

n 

0 56 

1 

cB.  iR.  cBNM.with  extenfive chev. 

5'  dia. 

57 

June  1 1 

35  (V)  Hercul 

f 

34  27 

f 

0 18 

2 

AvS.F.ft, involved  in  eF. nebulofity. 

> 58 

Nov.  25 

24  Cephei 

f 

116  28 

n 

0 2 

1 

A ft.  9 m.  furrounded  with  vF.  m. 
nebulofity.  The  ft.  is  either  dou- 
ble, or  not  R.  Lefs  than  i'  dia. 

Fifth  clafs.  Very  large  nebulae. 


r 1785 

Stars. 

M.  S. 

D.M. 

Ob 

Defcription. 

25 

Nov.  2 7 

18  Ceti 

f 

1 30 

n 

I 2 

I 

Four  or  five  pL.  ft.  forming  a tra- 
pezium of  about  5'  dia. 

The  inclofed  fpace  is  filled  up 
with  faintly  terminated  m.  ne- 
bulofity. The  ft.  feem  to  have  no 
connexion  with  the  nebulofity. 

26 

Dec.  7 

iB  Leo.  min. 

P 

8 7 

n 

1 I 

2 

cB.  mE.  par.  8M.  3'b. 

27 

26 

15  Monocero 

P 

Q 12 

f 

0 6 

2 

Some  pBft.  7 or  8 7 fp.  15th  Monce. 
are  involved  in  eF.  m.  nebulofity 
which  lofes  itfelf  imperceptibly. 

1786 

t 2:8 

Jan.  1 

48  (<r)  Orion 

f 

2 46 

n 

0 44 

2 

Remarkable  m4  nebulofity,  di- 

vided  in  3 or  4 large  patches. 

1 

1 1 

including  a dark  fpace$  cannot 

39 


I 
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V. 

1786  j 

Stars. 

j] 

vr.  s. 

29 

2 

61  Urfae 

f 

45  38 

3° 

18 

42  1 c Orioni 

45  J 

P 

0 0 

31 

31 

44(0  

P 

0 0 

32 

33 

Feb.  X 

28  (.)  

P 

f 

17  26 
X 26 

34 

— 

46(5)  Orionis 

P 

0 0 

35 

„ 

36  w — 

f 

3 39 

• 

5& 

P 

2 l6 

36 

* 

Oft.  17 

35  (*)  Alidro 

P 

9 8 

37 

24 

57  Cygni 

£ 

5 3 

38 

Dee.  20 

19  (0)  Orion 

t 

f 

11  9 

11 35 

39 

21 

x 1 (0)  Crater 

P 

8 15 

1 

1 

* 

jD.M.f 

1 

Oh 

Defcription. 

take  up  lefs  than  -§  degree,  but 
X fuppofe  it  to  be  much  more 
extenfive. 

f 

0 40 

I 

eF.  vL.  vlbM.  r.  io'  1.  8 or  9'  b. 

n 

0 0 

2 

The  ill  and  2d  c Orionis,  and  the 
ftars  about  them,  are  involved  in 
eF.  unequally  B.  m.  nebulofity. 

n 

0 0 

2 

t Orionis  with  its  neighbouring  ft. 
are  involved  in  eF.  m.  nebulofity 
to  a great  extent. 

f 

3 4 

2 

cB.  vL.  m.  diffufed  and  vanifhing, 
near  and  ff.  Bft. 

f 

0 7 

I 

Diffufed  eF.  m.  nebulofity.  The 
means  of  verifying  this  pheno- 
menon are  difficult. 

n 

0 0 

I 

I am  pretty  certain  s Orionis  is 
involved  in  unequally  diffufed  m. 
nebulofity. 

f 

0 40 

4 

Diffufed  m.  nebulofity,  extending 

n 

0 28 

5 

over  no  lefs  than  10  degrees  of 
PD.  and  many  degrees  of  RA. 
It  is  of  very  different  brightnefs, 
and  in  general  extremely  F.  and 
difficult  to  be  perpeived.  Moft 
’ probably  the  nebulofities  of  the 
28th,  30,  31,  33,  34,  and  38th 
of  this  clafs  are  connected  toge- 
ther, and  form  an  immenfe  ftra- 
tum  of  far  diftant  ftars,  to  which 
muft  alfo  belong  the  nebula  in 
Orion. 

f 

0 20 

2 

vF  vL.  E.  nearly  mer.  or  a little 
from  np  ff.  about  20' 1. 

f 

I I 

1 

vL.  diffufed  nebulofity.  bM.  7 or 
8' 1.  6'b.  and  lofing  itfelf  vg. 
and  imperceptibly. 

n 

f 

x 19 

O 52 

1 

Strongly  fufpedted  nebulofity  of  v. 
great  extent.  Not  lefs  than  2°i  ix 
of  PD.  and  26"  of  RA.  in  time. 

f 

1" 

O X7 

2 

vF.  mE.  nearly  par.  or  about  1O0 
fp  nf.  vgbM,  8'  1.  3'  b, 

_ 

40 
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V. 

1786 

Stars. 

M.  S. 

D.M 

Ob 

Defcription. 

40 

Dec.  21 
1787 

i 1 (( 3 ) Crater 

P 

7 49 

f 

0 26 

2 

vF.  mE.  1 c°  fp  nf.  vlbM.  about 
y'l.  4'  b. 

41 

March  1 7 

6 Canum 

P 

8 27 

f 

1 12 

I 

vB.  E.  6o°  fp  nf.  20'1.  2'  b. 

42 

20 

1788 

*3 

P 

39 

n 

1 48 

I 

vB.  mE.  fp  nf.  but  nearly  par. 
mbM.  i6'l. 

43 

March  9 

\ 

3 

P 

0 38 

f 

1 41. 

3 

v brilliant.  BN.  with  Fm.  bran, 
np  ff.  1 5/l.  and  to  the  ff.  running 
into  vF.  nebulofity  extending  a 
great  way.  the  N.  is  not  R. 

44 

Nov.  1 

36  Camelop 

f 

84  33 

n 

0 23 

1 

2 

cB.  R.  vgbM.  BN.  6 or  7'  dia.  with 
a F.  branch  extending  a great  way 
to  the  np.  fide ; not  lefs  than  J 
degree,  and  to  the  n.  or  nf.  the 
nebulofity  diffufed  over  a fpace 
not  lefs  than  a whole  degree. 

Sixth  clafs.  Very  comprefled  and  rich  clufters  of  {tars. 


Additional  | Cl.  Clufter.  com.  comprefled. 

abbreviations,  j fc.  fcattered.  co.  coarfely. 


VI 

08s 

Stars. 

M.  S. 

D.M. 

Oh 

Defcription. 

20 

Odt.  27 

l8(:)Pif.Auft 

f 

133  24 

n 

0 23 

2 

cB.  iR.  8 or  9'  dia.  a great  many 
of  the  ft.  vifible,  fo  that  there  can 
remain  no  doubt  but  that  it  is  a 
Cl.  of  vS.  ftars. 

21 

Dec.  7 
1786 

25  Gemino 

f 

2 15 

f 

1 15 

I 

A v.  rich  and  v.  com.  Cl.  ft.  of. 
about  5'  dia.  fome  of  the  largeft 
ft.  are  in  a row. 

221 

Feb.  3 

31  Monocero 

P 

3°  4 

n 

1 20 

4 

A.  beautiful  Cl  of  much  com.  ft. 
confid.  rich.  10  or  I2/  dia. 

C.  H.  difeovered  it  in  1783. 

n 

June27 

46  (t>)  Sagitt 

P 

49  x5 

f 

0 42 

1 

A beautiful  Cl.  of  vS.  ft.  of  various 
fizes.  15' dia.  very  rich. 

24 

Oct.  17 

5g  (0  Cygni 

f 

S6 

n 

r 18 

2 

A v.  com.  and  v.  rich  Cl.  of  eSft. 
about  6'  1.  4'  b.  nearly  par. 

2 5 

; Dec,  1 1 

27  («)  Perfei 

f 

5 55 

n 

2 23 

2 

A beautiful  com.  and  rich  Cl.  of  S. 
and  L.  ft.  7 or  8'  dia.  the  L.  ft. 
arranged  in  lines  like  interwovee 
letters. 

<26 

of  new  NeBuIre  and  Clujlers  of  Stars.  25 1 


VI. 

I786 

Stars. 

M. 

S. 

D.M.' 

Ob 

Defcription. 

26 

Dec.  1 1 

53  W Ferfei 

f 

*3 

34 

f 

1 

J3 

J 

A vF.  and  v.  com.  Cl.  of  eS.  ft. 
near  4'  dia. 

27 

27 

1787 

22  Monocero 

P 

20 

9 

n 

0 

51 

I 

A v.  beautiful  Cl.  of  much  com. 
S,  and  L.  ft.  above  20/  dia.- 

28 

Jan.  11 

75(7)  Orionis 

f 

21- 

25 

n 

1 

2 

I 

A Cl.  of  e.  com.  and  eS.  ft.  c.  rich 
iF.  the  f.  and  moft  com.  part  Pv* 

29 

Q£t.  14 

3 Lacertae 

P 

7 

52 

n 

2 

7 

I 

A com.  Cl.  of  eS.  ft. 

3° 

18 

7 (g)Cafliop 

f 

3 

10 

f 

O 

46 

O 

A beautiful  Cl.  of  v.  com.  Sft.  v. 
rich.  C.  H.  difcovered  it  1783.- 

31 

‘ Nov.  3 
1788 

37  0) — 

f 

P9 

00 

n 

I 

2 

I 

A beautiful  Cl.  of  pL.  ft.  near  1 ^ 
dia.  conf.  rich. 

32 

Sept. 21 

8o(ift?r)  Gyg 

P 

11 

26 

n 

0 

28 

r 

A beautiful  Cl.  of  p.  com.  ft.  8 or 
9 dia.  nearly  R.  c.  rich. 

33 

Nov.  1 

7 (%) perfei 

f 

1 

7 

f 

O 

22 

1 

A v.  beautiful  and  brilliant  Cl.  of  Lo 
ft.v.rich.theM. contains  a vacancy. 

34 

■ 

1 1 B 1 ""  B" 

f 

4 

0 

f. 

O 

23 

1 

A v.  beautiful,  brilliant  Cl.  of  L.  ft. 
iR.  v.  rich,  near  J degree  in  dia. 

35 

""'T 

26 

15  (fc/lCaffiop 

P 

1 

22 

f 

I 

26 

1 

A S.  Cl.  of  vF.  and  e.  com.  ft* 
about  i;  dia.  The  next  ftep  to 
an  er.  neb,. 

Seventh . clafs.  Pretty  much  comprefled  clutters  of  large  or 

fmall  ftars. 


VII. 

: 1785 

Stars* 

M.  S. 

D.M. 

Ob 

4 

Defcription. 

18 

July  17 

I2Vulpeculae 

p 

7 56 

n 

0 44 

1 

An  E.  Cl.  of  i.  fe.  ft,  of  various 
fizes*  c.  rich. 

19 

3° 

2 1 Aquilae 

p 

S 49 

n 

1 55 

1 

A p.  com.  Cl.  of  p.  fc,  ft.  of  var. 
lizeSj  magnitudes,  and  colours.  iF. 
and  unequally  com.  l2or  i^'dia. 

20 

Nov;  I 

7 Monocero 

■f 

1 3 

n 

0 35 

3 

A beautiful  Ci.  of  p.  com.  and 
equally  fc.  ft.  10  or  12'  dia. 

21 

Dec.  26 

i09(»)Tauri 

p 

14  59 

n 

1 37 

1 

A Cl.  ofp.  com.  ft.  with  manyeS. 
ft.  mixed  with  them. 

22 

28 

13  Monocero 

f 

2 48 

n 

O 21 

1 

A S.  Cl.  of  p.  com,  vS.  ft. 

23 

30 

1786 

31  (»)  Canis 

f 

32  6 

f 

0 39 

1 

A com.  Cl.  of  pL.  ,ft.  c.  rich,* 

24 

Jan,  1 

60  Orionis 

p 

5 9 

f 

0 9 

2 

A Cl.  of  p.com.pS.  fc  ft. with  many: 
eS.  fufpec.  betw.  them  7 or  8'dia, 

25 

27 

fc  • /• 

8 Monocero 

p 

. 

11  46 

n 

0 49 

1 

A Cl.  of  p,  com.  ft.  of  feveral  lizes 
4 or  5'  dia.  with  extenftvely 
ftraggling  ones*- 

26  < 
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VII. 

17^6 

Stars. 

M.  S. 

D.M. 

Ob 

26 

Jan.  30 

6 Monocero 

f 

8 59 

n 

1 7 

I 

27 

Feb.  24 

1 1 

f 

42  I3 

f 

1 21 

2 

28 

Mar.  19 

2 Navis 

P 

8 23 

n 

0 47 

1 

29 

April  30 

5 (e)Scorpii 

P 

7 i4 

n 

0 38 

I 

3° 

May  26 

14  Sagittarii 

P 

1 35 

n 

0 9 

I 

31 

— — * 

— • 1 ■■  1 — 

f 

1 29 

f 

0 25 

I 

3 2 

Sept.  21 

58  Androm 

P 

10  49 

f 

0 8 

4 

33 

oa.  18 

11  (^)Aurig 

f 

6 32 

n 

0 54 

1 

34 

Dec.  11 

13  (a)  — 

f 

9 7 

n 

0 32 

1 

35 

24 

7o(|)Orionis 

f 

*5  53 

f 

1 29 

1 

36 

26 

18  Monocero 

P 

3 48 

n 

1 0 

1 

37 

27 

77  Orionis 

f 

12  24 

n 

0 55 

1 

38 

— 

22  Monocero 

P 

7 39 

n 

1 31 

2 

1787 

39 

Jan.  17 

2i(<7-)Aurigae 

f 

3 25 

f 

2 6 

I 

40 

061.  14 

3 Lacertae 

P 

38  31 

n 

1 35 

I 

41 

*— 

f 

5 8 

n 

0 2 

2 

42 

18 

24  (u)  Caffio 

f 

29  41 

n 

0 26 

2 

43 

Nov.  3 

! M — 

P 

II  41 

n 

* 25 

I 

44 

f 

4 34 

n 

1 8 

2 

45 

37  {*) 

P 

9 29 

f 

00 

et 

2 

4f 

» — . — — 

f 

17  23 

n 

I 44 

2 

41 

— 

= 10  Camelop 

P 

55  4° 

■M 

n 

1 37 

2 

Defcription. 

A Cl.  of  eS . and  pm.  com.  ft.  with 
a few  L.  but  not  rich,  in  the 
fhape  of  a hook. 

An  i.  Cl.  of  eS.  ft.c.  com.  9 or  ic/1. 
4 or  5'  b.  with  an  extending  bran, 
towards  fp.  C.  H.  difcov.  1783. 
A Cl.  of  pS.  ft.  p.  rich,  i^7  dia, 

A Cl.  of  vS.  ft.  p.  rich  6'  1.  4'  b.  in 
the  form  of  a parallelogram. 

A Cl.  of  pS.  fc.  ft.  above  15'  dia. 

A Cl.  of  vS.  and  p.  com.  ft.  c. 

rich.  2 or  3'  dia. 

A vL.  co.  fc.  Cl.  of  vL.  ft.  iR  v. 
rich,  takes  up  ^ degree  like  a 
nebulous  ft.  to  the  naked  eye. 

A Cl.  of  p.com.pS.  Sft.c. rich. con- 
tains 1 L.  the  reft  are  all  of  a fize. 
A Cl.  of  vF.  and  vSft.  p.  com.  but 
not  rich,  iF.  3'  dia. 

A Cl.  of  S.  pm.  com.  ft.  with  fuf- 
pe£ted  m.  nebuloftty. 

A Cl.  of  v.  fc.  ft.  c,  rich,  and  of 
great  extent. 

A Cl.  of  v.  com.  eSft.  c.  rich.  3 or 
47  dia.  moft  com.  M. 

A beautiful  Cl.  of  vSft.  of  ieveral 
fizes.  c.  com.  and  rich  M.  10  or 
12'  dia. 

A p.  com.  Cl.  of  Sft.  4'  dia. 

A Cl.  of  Sft.  of  feveral  fizes.  3 or 
4'  dia.  p.  rich,  like  a forming  one. 
A S Cl.  of  ft.  p.  com.  e.  rich  in  vS. 

ft.  The  com.  part  4 or  5'  dia. 
A brilliant  Cl.  of  L.  and  vS.  ft.  c. 
rich. 

A S.  Cl.  ofvSft.  c.  com.  and  p. rich. 
A Cl.  of  p com.  pLft.  c.  rich.  The 
ft.  arranged  chiefly  in  lines  from 
fp.  nf. 

A S.  p.  com.  Cl.  of  ft.  not  rich. 
iF.  like  a forming  one. 

A S.  Cl.  of  pL.  ft.  c.  rich. 

A Cl.  of  ft.  p.  rich  and  c,  com® 
IE.  3 or  4'  dia.  iF. 
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VII. 

1787 

Stars. 

M.  S. 

D.M.  Ob 

1 

Description. 

oo 

T 

Nov.  9 

32  Caffiop 

f 

17  1 

f 

1 40 

'1 

A com.  Cl.  of  fome  pL.  and  many 
vS.  ft.  iR.  6 or  7'  dia. 

49 

1788 

45  (0  — 

P 

11  8 

n 

0 20 

1 

A Cl.  of  fome  cL.  ft.  and  many  eS, 
lo  as  hardly  to  be  feen.  The  Lft. 
arranged  in  circular  order  3 or 
4'  dia. 

50 

Sept.  2 7 

8i(2d7r)Cyg 

P 

22  13 

f 

1 14 

1 

A few  Sft.  with  fufpefled  nebulo- 
fity.  with  300  many  vS.  ft.  inter- 
mixed with  the  former,  fo  as  to 
make  a Cl. 

51 

Off.  19 

7 1 is) 

P 

5 49 

f 

0 9 

1 

A p.  com.  Cl.  of  pS.  ft,  c.  rich  iR. 
5 or  6/  dia. 

5 2 

- — 

— — , ■ — — 

P 

0 42 

n 

0 34 

1 

An  extenfive  Cl.  of  Lft.  c.  rich 
above  2c/  dia. 

53 

— 

73  (?)  — 

f 

3° 

n 

0 48 

2 

A L.  Cl.  of  p.  com.  cLft.  above 
15'  dia.  c.  rich. 

54- 

Nov.  1 

36  Camelop 

f 

29  1 

n 

0 16 

1 

A vF.  patch,  or  S.  Cl.  ofeSft. 

55 

23 

32  (0  Cephei 

f 

i 

57  34 

n 

1 47 

3 

A Cl.  of  cS.  ft.  iF.  p.  rich  and 
conn  contains  a vacancy  M. 

Eighth  clafs.  Coarfely  fcattered  clufters  of  flats. 


VIII. 

*-0 

00 

C-". 
1— t 

Stars. 

M. 

S. 

D.M. 

Ob 

Delcription. 

AI 

% 

Dec.  7 

98  (k)  Tauri 

f 

12 

1 1 

f 

0 

54 

I 

A co.  Cl.  of  ft.  or  projecting!  point 

of  the  m.  way. 

42 

■ — 

J25 

P 

1 

22 

f 

0 

4 

2 

ACl.of  co.fc.ft.  abovei^dia.  The 

ft.  nearly  of  a fize  and  equally  fc. 

43 

26 

109  (») 

P 

15 

30 

n 

1 

29 

I 

ACl.ofv.co.fc.Lft,  join. to  VII.21. 

-44 

28 

i ;(w)  Can.min 

f 

0 

38 

f 

1 

54 

I 

A Cl.  of  v.  co.  fc.  Lft.  form  a 

crofs.  not  rich. 

45 

31 

6 Navis 

P 

32 

48 

f 

0 

1 

I 

A co.  fc.  Cl.  of  ft.  not  rich. 

46 

— — — . — - 

P 

10 

18 

n 

0 

49 

I 

A vL.  but  co.  fc.  Cl.  of  ft. 

47 

— 

— ~ 

P 

10 

27 

n 

0 

39 

I 

A Cl. of  fc.ft.or  the  m.  way  crouded 

with  ft.  of  equal  ftze  and  colour. 

1786 

48 

Jan.  1 

78  Orionis 

f 

10 

59 

f 

1 

9 

I 

A Cl.  of  v.  fc.  ft.  of  various  fizes. 

above  § degree  of  extent. 

49 

3 

*BGemi.  6m 

P 

33 

23 

n 

0 

35 

I 

A Cl.ofco.fc.Lft.notrich.*Seenote 

5° 

27 

8 Monocero 

f 

10 

58 

n 

0 

49 

2 

ACl.of  ft.  arranged  in  a broad  row. 

25'1.6or8'b.not  v.com.butp.  rich. 

5! 

Feb.  23 

II — - 

f 

25 

25 

f 

0 

1 

I 

A Cl.  of  v.  fc.  ft. 

52 

Mar.  19 

2 Navis 

P 

12 

16 

n 

1 

S2 

I 

A Cl.  of  vL.  co.  fc.  ft.  not  rich. 

53 

June  27 

46  (v)  Sagitta 

P, 

82 

10 

f 

1 

A 

• 

I 

A CL  of  fc.  Sft.  S'  dia.  not  v.  rich. 
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VIII. 

1786 

Stars. 

M. 

S. 

54 

June  27 

46  («)  Sagitta 

P 

/i 

f 

55 

— 

— — — 

P 

64 

i7 

f 

5& 

061.  17 

37  0)  Cygm 

f 

0 

53 

n 

57 

• — 

58  0)  

f 

8 

47 

n 

58 

24 

57  

f 

3 

*9 

n 

59 

— 

59  Perfei 

f 

7 

59 

n 

60 

Nov.  26 

19  Monocero 

P 

5 

3 

f 

61 

1787 

Jan.  17 

2 1 (?)  Aurigae 

P 

16 

00 

f 

62 

Sept.  19 

35  (r)Cephei 

P 

4 

43 

f 

63 

061.  16 

21  (£) 

f 

1 

21 

f 

64 

Nov.  3 

27  (7)  Caifiop 

f 

1 1 

12 

n 

65 

— - 

37  9) 

i 

17 

56 

n 

66 

— 

45  (*) 

f 

47 

9 

f 

67 

9 

17  (|)  Cephei 

p 

10 

0 

f 

68 

12 

41  Auriga* 

p 

8 

57 

n 

) 

69 

Dec;  3 

18  Anclrom 

p 

8 

59 

f 

7° 

1788 

Feb.  3 

41  (t;)  Perfei 

f 

46 

17 

n 

71 

March4 

58  Aurigae 

p 

1 

22 

f 

72 

July  30 

62  Serpentis 

p 

27 

26 

n 

73 

59  (| ) Aquilce 

p 

4 

2 

f 

74 

Sept.  21 

8o(  1 fl'Tr)  Cyg 

p 

34 

12 

f 

75 

26 

3 Lacerta* 

p 

7 

29 

i 

76 

27 

59(ifty]Cyg 

p 

4 

1 

i 

77 

Nov.  1 

27  (^)  Cephei 

f 

17 

23 

f 

78 

, 

26 

15  («)  Caffio 

f 

10 

56 

f 

i 


D.M. 

Oh 

Defcription. 

0 25 

I 

A co.  fc.  CL  of  cLft.  The  place 
is  that  of  a S.  triangle. 

0 23 

I 

A co.  fc.  Cl.  of  Lft. 

0 32 

I 

AS.  Cl.  of  co.  fc.  ft.  of  various 
fizcs.  E.  like  a forming  one. 

0 2,0 

I 

A Cl.  of  co.  fc.  pS.  ft.  of  feveral 
fizes.  not  rich. 

0 16 

2 

A Cl.  of  pL.  fc.  ft.  not  v,  rich. 

0 21 

1 

A Cl.  of  co.  fc  pL.  ft.  not  v.  rich. 

0 23 

1 

A Cl  of  pL.fc.  ft. not  v. rich. may  be 
a proje&ing  point  of  the  m.  way. 

0 30 

I 

A Cl.  of  co.  fc.  Lft.  iF.  not  rich, 
like  a foi  ming  one. 

4 50 

2 

A Cl.  of  co.  fc.  Lft.  not  rich,  but 
the  ft.  are  brilliant,  one  7 m. 

0 56 

I 

A S.  Cl.  of  pL.  ft. 

° 53 

2 

A forming  clufter  of  p.  com.  ft. 
C.  H.  difc.  1783. 

0 29 

2 

A S.Cl.ot  Sft. not  v. rich. C.H.  1 7 S 3. 

1 58 

2 

A Cl.  of  co.  fc.  cLft.  8 or  10' dia. 
one  7 m,  near  M. 

2 0 

I 

A Cl.  of  co.  fc.  L.  and  S.  ft.  7' 
dia.  like  a forming  one. 

1 9 

I 

A S.  Cl.  of  fc.  ft.  not  rich  one. 
7 m.  towards  the  n.  but  this  does 
not  feem  conncdted  with  the  Cl. 

1 20 

I 

A Cl.  of  co.  lc.  pL.  ft.  one  8 m. 
in  the  ff.  part. 

1 28 

I 

A Cl.  of  co.  fc.  Lft.  p.  rich  above 
20'  dia. 

0 44 

I 

A Cl.  of  co.  fc.  pL.  ft.  p.  rich  the 
place  is  that  of  a double  ft.  of 
the  3d  clafs 

0 6 

3 

A CL  of  co.  fc.  Lft.  C.  H 1783. 

0 34 

1 

A CL  of  co.  fc.  ft.  with  one  pBft.  M, 

012 

1 

ACL  of  co.  fc.  Lft.  not  rich  b'  dia. 

2 21 

2 

A Cl.  of  co.  fc.  Lft.  IE.  fp  nf.  i6/L 

0 7 

1 

A ft.  6 m.  furrounded  by  many  eft. 
forming  a brilliant  fc.  CL  the 
Lft.  not  M,  but  f. 

0 22 

2 

A Cl. of  co.  fc.  ft.  8/dia.  C.H. 1787. 

1 8 

1 

2 

! 

A Ci.  of  v.  co.  fc.  Lft.  take  up  15 
or  20'.  C.  H.  difc.  1784. 
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Notes  to  fome  nebulae  and  clufters  of  ftars. 

I.  138.  The  number  refers  to  De  la  Caille’s  fouthern  catalogue  in  the 
Ccelum  Auflrale  Steliiferum. 

I.  190.  A flar  of  the  fixth  magnitude,  not  contained  in  any  catalogue,  I 
have  called  it  C Canum  Venaticorum.  It  follows  Fl.  17.  Can. 
Ven.  37'  34"  in  time,  and  is  0°  2!  more  fouth  than  that  flar, 

II.  566.  See  the  note  to  I.  138, 

638.  See  the  note  to  I.  138. 

697.  See  the  note  to  I.  190. 

703.  A flar  of  the  7th  magnitude,  not  contained  in  any  catalogue.  I 
called  it  A Ceti,  Not  having  fettled  its  place,  I can  only  give  it 
in  a coarfe  way.  RA.  about  oh.  31'  37",  PD,  about  940  22C 

III.  678.  A flar  of  the  7th  magnitude,  not  containen  in  any  catalogue.  I 

have  called  it  A Bootis.  It  follows  Fl.  39  Bootis  67  56"  in  time,, 
and  is  o°  55'  more  north, 

681.  See  the  note  to  I.  190. 

742.  A flar  of  the  7th  magnitude,  not  contained  in  any  catalogue.  I 
have  called  it  B Draconis.  Its  place  very  coarfely  is  RA. 
18  h.  47'.  PD.  4i°J. 

747-  See  Mr.  Wollaston’s  general  catalogue.  Zone  20°, 

VIII.  49.  A flar  of  the  6th  magnitude,  not  contained  in  any  catalogue.  I 
have  called  it  B Geminorum.  Not  having  fettled  its  place,  I can 
only  give  it  in  a coarfe  way,  RA,  about  6 h.  52^4^.  PD« 
about  550  17'.  v , 

P.  S.  The  planet  Saturn  has  a fixth  fiatelllte  revolving 
round  it  in  about  32  hours,  48  minutes.  Its  orbit  lies  exa&ly 
in  the  plane  of  the  Ring,  and  within  that  of  the  firft  fatellite. 
An  account  of  its  difcovery  with  the  forty-feet  refledlor,  and  a 
more  accurate  determination  of  its  revolution  and  diftance  from 
the  planet  will  be  prefen  ted  to  the  Royal  Society  at  their  next 
Meetings.  WILLIAM  HERSCHEL. 
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XXL  An  Attempt  to  explain  a Difficulty  in  the  Theory  of  Vijion , 
depending  on  the  different  Refrangibility  of  Light . By  the 
Rev . Nevil  Mafkelyne,  D.  D . fA  R . & AJironomer 
Royal . 

Read  June  1 8,  1 789. 

fTP^HE  ideas  of  fight  are  fo  fir  iking  and  beautiful,  that  we 
JL  are  apt  to  confider  them  as  perfectly  diftindt.  The 
celebrated  Euler,  taking  this  for  granted,  has  fuppofed,  in 
the  Memoirs  of  the  Royal  Academy  of  Sciences  at  Berlin 
for  1747,  that  the  feveral  humors  of  the  human  eye  were 
contrived  in  fuch  a manner  as  to  prevent  the  latitude  of 
focus  arifing  from  the  different  refrangibility  of  light,  and 
confiders  this  as  a new  reafon  for  admiring  the  ftrudture  of  the 
eye;  for  that  a fingle  tranfparent  medium,  of  a proper  figure, 
would  have  been  fufficient  to  reprefen t images  of  outward 
objedts  in  an  imperfect  manner ; but,  to  make  the  organ  of 
fight  abfolutely  complete,  it  was  neceffary  it  fhould  be  com- 
pofed  of  feveral  tranfparent  mediums,  properly  figured,  and 
fitted  together  agreeable  to  the  rules  of  the  fublimeil  geome- 
try, in  order  to  obviate  the  effedt  of  the  different  refrangibility 
of  light  in  diflurbing  the  diflinclnefs  of  the  image  ; and  hence 
he  concludes,  that  it  is  poflible  to  difpofe  four  refracting  fur- 
faces  in  fuch  a manner  as  to  bring  all  forts  of  rays  to  one 
focus,  at  whatever  diftance  the  object  be  placed.  He  then 
affumes  a certain  hypothefis  of  refraction  of  the  differently 

refran- 
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refrangible  rays,  and  builds  thereon  an  ingenious  theory  of  an 
achromatic  objed-glafs,  compofed  of  two  menifcus  glafles 
with  water  between  them,  with  the  help  of  an  analytical  cal- 
culation, Ample  and  elegant,  as  his  ufually  are. 

He  has  not,  however,  demonftrated  the  neceffary  exiftence 
of  his  hypothefis,  his  arguments  for  which  are  more  meta- 
phyfical  than  geometrical ; and,  as  it  was  founded  on  no  expe- 
riment, fo  thofe  made  Ance  have  fhewn  its  fallacy,  and  that  it 
does  not  obtain  in  nature.  Moreover,  which  is  rather  extra- 
ordinary, it  does  not  account,  according  to  his  own  ideas,  for 
the  very  phenomenon  which  Arft  fuggefted  it  to  him,  namely, 
the  great  diftindnefs  of  the  human  viAon,  as  was  obferved  to 
me,  many  years  ago,  by  the  late  Mr.  John  Dollond, 
F.  R.  S.  to  whom  we  are  fo  much  obliged  for  the  invention  of 
the  achromatic  telefcope  ; for  the  refractions  at  the  feveral  hu- 
mors of  the  eye  being  all  made  one  way,  the  colours  produced 
by  the  Arft  refradion  will  be  increafed  at  the  two  fubfequent 
ones  inftead  of  being  correded,  whether  we  make  ufe  of 
Newton’s  or  Euler’s  law  of  refradion  of  the  differently 
refrangible  rays. 

Thus  Euler  produced  an  hypothetical  principle,  neither  At 
'for  rendering  a telefcope  achromatic,  nor  to  account  for  the 
diftindnefs  of  the  human  viAon  ; and  the  difficulty  of  recon- 
ciling that  diftindnefs  with  the  principle  of  the  different 
refrangibility  of  light  difcovered  by  Sir  Isaac  Newton  re- 
mains in  its  full  force. 

In  order  to  go  to  the  bottom  of  this  difficulty,  as  the  beft  pro- 
bable means  of  obviating  it,  I have  calculated  the  refradion s 
of  the  mean,  mod,  and  leaft  refrangible  rays  at  the  feveral 
humors  of  the  eye,  and  thence  inferred  the  diffufion  of  the 
rays,  proceeding  from  a point  in  an  objed,  at  their  hilling 

upon 
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upon  the  retina,  and  the  external  angle  which  fuch  coloured 
image  of  a point  upon  the  retina  correfponds  to. 

1 took  the  dimenfions  of  the  eye  from  M.  Petit,  as  related 
by  Dr.  Jurxn;  and,  the  fpecific  gravities  of  the  aqueous  and 
vitreous  humors  having  been  found  to  be  nearly  the  fame  with 
that  of  water,  and  the  refraction  of  the  vitreous  humor  of  an 
ox’s  eye  having  been  found  by  Mr.  Hawksbee  to  be  the  fame 
as  that  of  water,  and  the  ratio  of  refraction  out  of  air  into 
the  cryftalline  humor  of  an  ox’s  eye  having  been  found  by 
the  fame  accurate  experimenter  to  be  as  1 to  ,68327,  I took  the 
refradion  of  the  mean  refrangible  rays  out  of  air  into  the 
aqueous  or  vitreous  humor,  the  fame  as  into  water,  as  1 to 
974^53*  or  1 *33595  to  1 5 and  out  of  air  into  the  cryftalline 
humor  as  1 to  ,68327,  or  1 ,46 3 5 5 to  1.  Hence  I find, 
according  to  Sir  Isaac  Newton’s  two  theorems,  related  at 
Part  II.  of  Book  I.  of  Optics,  p.  1 1 3 . that  the  ratio  of  refrac- 
tion of  the  moft,  mean,  and  leaf  refrangible  rays  at  the  cornea 
fhould  be  as  1 10,74512,  ,74853  and  ,75197;  at  the  fore- 
fur face  of  the  cryftalline  as  1 to  ,911 73?  ,91282,  and  ,9 159 2; 
and  at  the  hinder  furface  of  the  cryftalline  as  1 to  1,09681, 
1, 09550,  and  1,09420. 

Now,  taking  with  Dr.  Jurin  15  inches  for  the  diftance  at 
which  the  generality  of  eyes  in  their  mean  ftate  fee  with  moft 
diftindnefs,  I find  the  rays  from  a point  of  an  objed  fo  fituate 
will  be  colleded  into  three  feveral  foci,  viz.  the  moft,  mean, 
and  lead  refrangible  rays  at  the  refpedive  diftances  behind  the 
cryftalline  ,5 930,  ,6034,  and  ,6141  of  an  inch,  the  focus  of 
the  moft  refrangible  rays  being  ,0211  inch  fhort  of  the  focus 
of  the  lead  refrangible  ones. 

Moreover,  affuming  the  diameter  of  the  pencil  of  rays  at 
the  cornea,  proceeding  from  the  objed  at  15  inches  diftance, 

7 to 


V 


a Difficulty  in  the  Theory  of  Vifion , 259 

to  be  -1th  of  an  inch  in  a ftrong  light,  which  is  a large  allow- 
ance for  it,  the  femi-angle  of  the  pencil  of  mean  refrangible 
rays  at  their  concourfe  upon  the  retina  will  be  f 12',  whofe 
tangent  to  the  radius  unity,  or  ,1 264  multiplied  into  ,0211 
inch,  the  interval  of  the  foci  of  the  extreme  refrangible  rays, 
gives  ,002667  inch  for  the  difflifion  of  the  different  coloured 
rays,  or  the  diameter  of  the  indiftindr  circle  upon  the  retina. 
Now,  I find,  that  the  diameter  of  the  image  of  an  object  upon  the 
retina  is  to  the  ohjedt  as  ,6055  inch  to  the  diftance  of  the  ob- 
jedt  from  the  center  of  curvature  of  the  cornea ; or  the  fize  of 
the  image  is  the  fame  as  would  be  formed  by  a very  thin  con- 
vex lens,  whofe  focal  diftance  is  ,605  ; inch,  and  confequently 
a line  in  an  objedl  which  fubtends  an  angle  of  i/  at  the  center 
of  the  cornea  will  be  reprefen  ted  on  the  retina  by  a line  of 
th  inch.  Hence  the  diameter  of  the  indiftindt  circle  on 
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the  retina  before  found,  ,002667  will  anfwer  to  an  external 
angle  of  ,002667  x 5 6 y 8 7 = 1 5'  8/y,  or  every  point  in  an  objedt 
fhould  appear  to  fubtend  an  angle  of  about  if,  on  account  of 
the  different  refrangibility  of  the  rays  of  light. 

I (hall  now  endeavour  to  fhew  that  this  angle  of  ocular  aber- 
ration is  compatible  with  the  diftindtnefs  of  our  vifion.  This 
aberration  is  of  the  fame  kind  as  that  which  we  experience  in 
the  common  refradling  telefcope.  Now,  by  computation  from 
the  tabular  apertures  and  magnifying  powers  of  fuch  telefcopes* 
it  is  certain  that  they  admit  of  an  angular  indiftindlnefs  at  the 
eye  of  no  lefs  than  57'' ; therefore  the  ocular  aberration  is  near 
four  times  lefs  than  in  a common  refradling  telefcope,  and  con- 
fequently the  real  indiftindlnefs,  being  as  the  fquare  of  the 
angular  aberration,  will  be  14  or  15  times  leis  in  the  eye  than 
in  a common  refradling  telefcope,  which  may  be  eafily  allowed 
to  be  imperceptible. 

- ' Moreover,- 
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Moreover,  Sir  Isaac  Newton  hasobferved,  with  refpeft  to 
the  like  difficulty  of  accounting  for  the  diftindtnefs  with  which 
refracting  telefcopes  reprefent  objeCts,  that  the  erring  rays  are 
not  fcattered  uniformly  over  the  circle  of  diffipation  in  the 
focus  of  the  obje£t-glaf$,  but  collected  infinitely  more  denfely 
In  the  center  than  in  any  other  part  of  the  circle,  and  in  the 
way  from  the  center  to  the  circumference  grow  continually 
rarer  and  rarer,  fo  as  at  the  circumference  to  become  infinitely 
rare ; and  by  reafon  of  their  rarity  are  not  ftrong  enough  to  be 
vifible,  unlefs  in  the  center  and  very  near  it. 

He  farther  obferves,  that  the  moft  luminous  of  the  prifma- 
iic  colours  are  the  yellow  and  orange,  which  affeCt  the  fenfe 
more  ftrcngly  than  all  the  reft  together ; and  next  to  thefe  in 
ftrength  are  the  red  and  green  ; and  that  the  blue,  indigo,  and 
violet,  compared  with  thefe,  are  much  darker  and  fainter,  and 
compared  with  the  other  ftronger  colours,  little  to  be  regarded  ; 
and  that  therefore  the  images  of  the  objeCts  are  to  be  placed 
not  in  the  focus  of  the  mean  refrangible  rays,  which  are  in 
the  confine  of  green  and  blue,  but  in  the  middle  of  the  orange 
and  yellow,  there  where  the  colour  is  moft  luminous,  that 
which  is  in  the  brighteft  yellow,  that  yellow  which  inclines 
more  to  orange  than  to  green. 

From  all  thefe  confiderations,  and  by  an  elaborate  calcula- 
tion, he  infers,  that  though  the  whole  breadth  of  the  image 
of  a lucid  point  be  TxTth  of  the  diameter  of  the  aperture  of 
the  objeCt-glafs,  yet  the  fenfible  image  of  the  fame  is  fcarce 
broader  than  a circle  whofe  diameter  is  part  of  the  dia- 

meter of  the  aperture  of  the  objeCF  glafs  of  a good  telefcope ; 
and  hence  he  accounts  for  the  apparent  diameters  of  the  fixed 
ftars  as  obferved  with  telefcopes  by  aftronomers,  although  in 
reality  they  are  but  points. 
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The  like  reafoning  is  applicable  to  the  circle  of  diffipation 
on  *th*  retina  of  the  human  eye;  and  therefore  we  may  ieffen 
the  angular  aberration,  before  computed  at  15^  in  the  ratio  of 
250  to  55,  which  will  reduce  it  to  f 18". 

This  reduced  angle  of  aberration  may  perhaps  be  double  the 
apparent  diameter  of  the  brighteft  fixed  ftars  to  an  eye  difpofed 
for  feeing  mod  diftinftly  by  parallel  rays;  or,  if  fhort-fighted, 
affifted  by  a proper  concave  lens  ; which  may  be  thought  a fuf- 
ficient  approximation  in  an  explication  grounded  on  a diffipation 
of  rays,  to  which  a precife  limit  cannot  be  affigned,  on  account 
of  the  continual  increafeof  denfity  from  the  circumference  to  the 
center.  Certainly  fome  fuch  angle  of  aberration  is  neceflary  to 
account  for  the  ftars  appearing  under  any  fenfibie  angle  to  fuch  an 
eye ; and  if  we  were,  without  reafon,  to  fuppofe  the  images  on 
the  retina  to  be  perfedt,  we  fhould  be  put  to  a much  greater 
difficulty  to  account  for  the  fixed  ftars  appearing  otherwife 
than  as  points,  than  we  have  now  been  to  account  for  the 
a&ual  diftinflnefs  of  our  fight. 

The  lefs  apparent  diameter  of  the  fmaller  fixed  ftars  agrees 
alfo  with  this  theory ; for  the  lefs  luminous  the  circle  of  difli- 
pation  is,  the  nearer  we  mu  ft  look  towards  its  center  to  find 
rays  fufficiently  denfe  to  move  the  fenfe.  From  Sir  Isaac 
Newton’s  geometrical  account  of  the  relative  denfity  of  the 
rays  in  the  circle  of  diffipation,  given  in  his  fyftem  of  the 
world,  it  may  be  inferred,  that  the  apparent  diameters  of  the 
fixed  ftars,  as  depending  on  this  caufe,  are  nearly  as  their 
whole  quantity  of  light. 

In  farther  elucidation  of  this  fubject  let  me  add  my  own 
experiment.  When  I look  at  the  brighter  fixed  ftars,  at  con- 
fiderable  elevations,  through  a concave  glafs  fitted,  as  I am 
fhort-fighted,  to  fhew  them  with  moft  diftin&nefs,  they  appear 
Vol.  LXXIX.  Q q to 
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to  me  without  fcintillation,  and  as  a fmall  round  circle  of  fire 
of  a fenfible  magnitude.  If  I look  at  them  without  the  con- 
cave glafs,  or  with  one  not  fuited  to  my  eye,  they  appear  to 
call:  out  rays  of  a determinate  figure,  not  exafllv  the  lame  in 
both  eyes,  fomewhat  like  branches  of  trees  (which  doubtlefs 
arife  from  fomething  in  the  confcruflion  of  the  eve)  and  to  fcin- 
tillate  a little,  if  the  air  be  not  very  clear.  To  fee  day  objects 
with  moil  diflindlnefs,  I require  a lefs  concave  lens  by  one  de- 
gree than  for  feeing  the  liars  bell  by  night,  the  caufe  of  which 
feems  to  be,  that  the  bottom  of  the  eye  being  illuminated  by  the 
day  objefls,  and  thereby  rendered  a light  ground,  obfcures  the 
fainter  colours  blue  indigo  and  violet  in  the  circle  of  diffipa- 
tion,  and  therefore  the  belt  image  of  the  objefl  will  be  found 
in  the  focus  of  the  bright  yellow  rays,  and  not  in  that  of  the 
mean  refrangible  ones,  or  the  dark  green,  agreeable  to  New- 
ton’s remark,  and  confequently  nearer  the  retina  of  a fhort- 
lighted  perfon  ; but  the  parts  of  the  retina  furrounding  the 
circle  of  diffipation  of  a liar  being  in  the  dark,  the  fainter  co- 
lours, blue,  indigo,  and  violet,  will  have  fome  fhare  in  form- 
ing the  image,  and  confequently  the  focus  will  be  fhorter. 

The  apparent  diameter  of  the  flars  here  accounted  for  is  dif- 
ferent from  that  explained  by  Dr.  Jurin,  in  his  Effay  on 
diflinft  and  indiflindl  vifion,  arifing  from  the  natural  conftitu- 
tion  of  the  generality  of  eyes  to  fee  obje£ls  moft  diftinfl  at 
moderate  diflances,  and  few  being  capable  of  altering  their 
conformation  enough  to  fee  diflant  objects,  and  among  them  the 
celeflial  ones,  with  equal  diflinflnefs.  But  the  caufe  of  error, 
which  I have  pointed  out,  will  affefl  all  eyes,,  even  thofe  which 
are  adapted  to  diflant  objects. 

If  this  attempt  to  fhew  the  compatibility  of  the  adual 
diftindnels  of  our  fight  with  the  different  refrangibility  of 

light 
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light  fiiall  be  admitted  as  juft  and  convincing,  we  (hall  have 
frefti  reafon  to  admire  the  wifdorn  of  the  Creator  in  fo  adapt- 
ing the  aperture  of  the  pupil  and  the  different  refrangibility  of 
light  to  each  other,  as  to  render  the  pi&ure  of  objects  upon 
the  retina  relatively,  though  not  abfolutely,  perfect,  and  fitted 
for  every  ufeful  purpofe;  4t  where, ” to  borrow  the  words  of 
our  religious  and  oratorical  philofopher  Derham,  “ all  the 
glories  of  the  heavens  and  earth  are  brought  and  exquifitely 
pictured.” 

Nor  does  it  appear,  that  any  material  advantage  would  have 
been  obtained,  if  the  image  of  objects  on  the  retina  had  been, 
made  abfolutely  perfect,  unlefs  the  acutenefs  of  the  optic  nerve 
ftiould  have  been  increafed  at  the  fame  time ; as  the  minimum 
vifibile  depends  no  lefs  on  that  circumftance  than  the  other*. 
But  that  the  fenfibility  of  the  optic  nerve  could  not  have  been 
much  increafed  beyond  what  it  is,  without  great  inconvenience 
to  us,  may  be  eafily  conceived,  if  we  only  confider  the  forcible 
imprefiion  made  on  our  eyes  by  a bright  (ky,  or  even  the  day 
obje&s  illuminated  by  a ftrong  fun.  Hence  we  may  conclude, 
that  fuch  an  alteration  would  have  rendered  our  fight  painful 
inftead  of  pleafant,  and  noxious  inftead  of  ufeful.  We  might 
indeed  have  been  enabled  to  fee  more  in  the  ftarry  heavens  with 
the  naked  eye,  but  it  muft  have  been  at  the  expence  of  our 
daily  labours  and  occupations,  the  immediate  and  necefiary 
employment  of  man. 

I fhall  only  mention  farther,  and  obviate  an  objection  to  the 
diffufion  of  the  rays  upon  the  retina  by  the  different  refrangi- 
bility  of  light.  It  may  be  faid,  that  the  ocular  aberration, 
being  a feparate  caufe  from  any  effect  of  the  telefcope,  fliould 
fubfift  equally  when  we  obferve  a ftar  through  a telefcope  as 
when  we  look  at  it  with  the  naked  eye ; and  that  therefore  the 
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fixed  {tars  could  not  appear  fo  fmall  as  they  have  been  found  to 
do  through  the  beft  telefcopes,  and  particularly  by  Dr.  Her* 
schel  with  his  excellent  ones.  To  this  I anfwer,  that  the 
ocular  aberration,  which  is  proportional  to  the  diameter  of 
the  pupil  when  we  ufe  the  naked  eye,  is  proportional  to  the 
diameter  of  the  pencil  of  rays  at  the  eye  when  we  look 
through  a telefcope,  which  being  many  times  lefs  than  that  of 
the  pupil  itfelf,  the  ocular  aberration  will  be  diminifhed  in 
proportion,  and  become  infenfible. 
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XXII.  Experiments  and  Obfervations  on  Electricity.  By  Mr. 
William  Nicholfon ; communicated  by  Sir  Jofeph  Banks* 
Bart . P.  R.  S. 


Read  June  25,  1789* 

Sect,  I.  On  the  Excitation  of  Electricity. 

x.  A GLASS  cylinder  was  mounted,  and  a cufhion  ap'» 
plied  with  a filk  flap,  proceeding  from  the  edge  of 
the  cufhion  over  its  furface,  and  thence  half  round  the  cylin- 
der. The  cylinder  was  then  excited  by  applying  an  amal- 
gamed  leather  in  the  ufual  manner.  The  electricity  was  re- 
ceived  by  a conductor,  and  pafled  off*  in  fparks  to  - Lane’s 
electrometer.  By  the  frequency  of  thefe  fparks,  or  by  the 
number  of  turns  required  to  caufe  fpontaneous  explofion  of  a 
jar,  the  ftrength  of  the  excitation  was  afcertained. 

2.  The  cufhion  was  withdrawn  about  one  inch  from  the 
cylinder,  and  the  excitation  performed  by  the  filk  only.  A 
ftream  of  fire  was  feen  between  the  cufhion  and  the  filk ; and 
much  fewer  fparks  pafled  between  the  balls  of  the  eleCtro- 
meter. 

i 

3.  A roll  of  dry  filk  was  interpofed,  to  prevent  the  ffream 
from  pafling  between  the  cufhion  and  the  filk.  Very  few  fparks 
then  appeared  at  the  electrometer* 

4.  A metallic  rod,  not  infulated,  was  then  interpofed,  in- 
ftead  of  the  roll  of  filk,  fo  as  not  to  touch  any  part  of  the 

apparatus. 
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apparatus.  A denfe  ft  ream  of  electricity  appeared  between  the 
rod  and  the  filk,  and  the  conductor  gave  very  many  fparks. 

5.  The  knob  of  a jar  being  fubftituted  in  the  place  of  the 
metallic  rod,  it  became  charged  negatively. 

6.  The  filk  alone,  with  a piece  of  tin-foil  applied  behind  it, 
afforded  much  eieCtncity,  though  lefs  than  when  the  cufhion 
was  applied  with  a light  preflure.  The  hand,  being  applied  to  the 
filk  as  a cufhion,  produced  a degree  of  excitation  feldom  equalled 
by  any  other  cufhion. 

7.  The  edge  of  the  hand  anfwered  as  well  as  the  palm. 

8.  When  the  excitation  by  a cufhion  was  weak,  a line  of 
light  appeared  at  the  anterior  part  of  the  cufhion,  and  the  filk 
was  ftrongly  diipofed  to  receive  eleCtricity  from  any  uninfulated 
conductor.  Thefe  appearances  did  not  obtain  when  the  exci- 
tation was  by  any  means  made  very  ftrong. 

9.  A thick  filk,  or  two  or  more  folds  of  filk,  excited  worfe 
than  a fingle  very  thin  flap.  I ufe  the  filk  which  the  milleners 
call  Perfian. 

10.  When  the  filk  was  feparated  from  the  cylinder,  fparks 
paffed  between  them  ; the  filk  was  found  to  be  in  a weak 
negative,  and  the  cylinder  in  a pofitive  ftate. 

The  foregoing  experiments  fhewthat  the  office  of  the  filk  is  not 
merely  to  prevent  the  return  of  eleCtricity  from  the  cylinder  to 
the  cufhion,  but  that  it  is  the  chief  agent  in  the  excitation  ; while 
the  cufhion  ferves  only  to  fupply  the  eleCtricity,  and  perhaps 
increafe  the  preffure  at  the  entering  part.  There  likewife  feems 
to  be  little  reafon  to  doubt  but  that  the  difpofition  of  the  eleCtri- 
city to  efcape  from  the  furface  of  the  cylinder  is  not  prevented 
by  the  interpofition  of  the  filk,  but  by  a compenfation  after  the 
manner  of  a charge ; the  filk  being  then  as  ftrongly  negative  as 
the  cylinder  is  pofitive : and,  laftly,  that  the  line  of  light 

between 
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between  the  liik  and  culhion  in  weak  excitations  does  not  con- 
lift  of  returning  eleCtricity,  but  of  eleftricity  which  paftes  to 
the  cylinder,  in  confequence  of  its  not  having  been  fufficiently 
fupplied,  during  its  contact  with  the  rubbing  furface. 

11.  When  the  excitation  was  very  ftrong  in  a cylinder 
newly  mounted,  flalhes  of  light  were  feen  to  fly  acrofs  its 
infide,  from  the  receiving  furface  to  the  furface  in  contact  with 
the  culhion,  as  indicated  by  the  brufh  figure.  Thefe  made  the 
cylinder  ring  as  if  ftruck  with  a bundle  of  frnall  twigs.  They 
feem  to  have  arifen  from  part  of  the  ele&ricity  of  the  cylinder 
taking  the  form  of  a charge.  This  appearance  was  obferved  in 
a nine-inch  and  a twelve-inch  cylinder,  and  the  property  went 
off  in  a few  weeks.  Whence  it  appears  to  have  been  ch  iefiy 
occafioned  by  the  rarity  of  the  internal  air  produced  by  hand- 
ling, and  probably  reftored  by  gradual  leaking  of  the  cement. 

12.  With  a view  to  determine  what  happens  in  the  infide  of 
the  cylinder,  recourfe  was  had  to  a plate  machine.  One 
culhion  was  applied  with  its  filken  flap.  The  plate  was  nine 
inches  in  diameter  and  two- tenths  of  an  inch  thick.  During  the 
excitation,  the  furface  oppofite  the  culhion  ftrongly  attracted 
electricity,  which  it  gave  out  when  it  arrived  oppofite  the  ex- 
tremity of  the  flap.  So  that  a continual  ftream  of  electricity 
palled  through  an  infulated  metallic  bow  terminating  in  balls, 
which  were  oppofed,  the  one  to  the  furface  oppofite  the  extre- 
mity of  the  lilk,  and  the  other  oppofite  the  culhion ; the  for- 
mer ball  fhewing  pofitive,  and  the  latter  negative  figns.  The 
knobs  of  two  jars  being  fubftituted  in  the  place  of  thefe  balls, 
the  jar,  applied  to  the  furface  oppofed  to  the  culhion,  was> 
charged  negatively,  and  the  other  pofitively.  This  dilpofition 
of  the  back  furface  feemed,  by  a few  trials,  to  be  weaker  the 
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ftronger  the  adion  of  the  cufhion,  as  judged  by  the  eledricity 
on  the  cufhion  fide. 

Hence  it  follows,  that  the  internal  furface  of  a cylinder  Is 
o far  from  being  difpofed  to  give  out  eledricity  during  the 
fridion  by  which  the  external  furface  acquires  it,  that  it  even 
greedily  attrads  it. 

13.  A plate  of  glafs  was  applied  to  the  revolving  plate,  and 
thruft  under  the  cufhion  in  fuch  a manner  as  to  fupply  the 
place  of  the  filk  flap.  It  rendered  the  eledricity  ftronger,  and 
appears  to  be  an  improvement  of  the  plate  machine ; to  be 
admitted  if  there  were  not  effential  objedions  againft  the  ma- 
chine itfelf. 

14.  Two  cufhions  were  then  applied  on  theoppofite  furfaces 
with  their  filk  flaps,  fo  as  to  clafp  the  plate  between  them.  The 
eledricity  was  received  from  both  by  applying  the  finger  and 
thumb  to  the  oppofite  furfaces  of  the  plate.  When  the  finger 
was  advanced  a little  towards  its  correfpondent  cufhion,  fo 
that  its  diftance  was  lefs  than  between  the  thumb  and  its 
cufhion,  the  finger  received  ftrong  eledricity,  and  the  thumb 
none ; and,  contrariwife,  if  the  thumb  were  advanced  beyond 
the  finger,  it  received  all  the  eledricity,  and  none  parted  to  the 
finger.  This  eledricity  was  not  ftronger  than  was  produced  by 
the  good  adion  of  one  cufhion  applied  fingly. 

15.  The  cufhion  in  experiment  12.  gave  mo  ft  eledricity 
when  the  back  furface  was  fupplied,  provided  that  furface  was 
fufFered  to  retain  its  eledricity  till  the  rubbed  furface  had  given 
out  its  eledricity. 

From  the  two  laft  paragraphs  it  appears,  that  no  advantage 
is  gained  by  rubbing  both  furfaces ; but  that  a well  managed 
fridion  on  one  furtace  will  accumulate  as  much  eledricity  as 
the  prefent  methods  of  excitation  feem  capable  of  colleding ; 

but 
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but  that  when  the  excitation  is  weak,  on  account  of  the  eleclric 
matter  not  paffing  with  fufficient  facility  to  the  rubbed  furface, 
the  friflion  enables  the  oppofite  furface  to  attradl  or  receive  it,  and 
if  it  be  fupplied,  both  furfaces  will  pafs  off  in  the  pofitive  Rate  ; 
and  either  furface  will  give  out  more  eleflricity  than  is  really  in- 
duced upon  it,  becaufe  the  eleflricity  of  the  oppofite  furface  forms 
a charge.  It  may  be  neceflary  to  obferve,  that  I am  fpeaking  of 
the  fails  or  effeils  produced  by  fri&ion ; but  how  the  rubbing 
furfaces  ail  upon  each  other  to  produce  them,  whether  by 
attrailion,  or  otherwife,  I do  not  here  enquire. 

It  will  hereafter  be  feen,  that  plate  machines  do  not  colleil 
more  eleilricity  than  cylinders  (in  the  hands  of  the  eleilrical 
operators  of  this  metropolis)  do  with  half  the  rubbed  furface ; 
which  is  a corroboration  of  the  inference  here  made. 

16.  When  a cylinder  is  weakly  excited,  the  appearances 
mentioned  (par.  8.)  are  more  evident,  the  more  rapid  the  turn- 
ing. In  this  cafe,  the  avidity  of  the  furface  of  the  cylinder 
beneath  the  filk  is  partly  fupplied  from  the  edge  of  the  filk 
which  throws  back  a broad  cafcade  of  fire,  fometimes  to  the 
diflance  of  above  twelve  inches.  From  thefe  caufes  it  is  that 
there  is  a determinate  velocity  of  turning  required  to  produce  the 
maximum  of  intenfity  in  the  conduflor.  The  ftronger  the  ex® 
citation  the  quicker  may  be  the  velocity ; but  it  rarely  exceeds 
five  feet  of  the  glafs  to  pafs  the  cufhion  in  a fecond. 

17.  If  a piece  of  filk  be  applied  to  a cylinder,  by  drawing 
down  the  ends,  fo  that  it  may  touch  half  the  circumference, 
and  the  cylinder  be  then  turned  and  excited  by  applying  the 
amalgamed  leather,  it  will  become  very  greedy  of  ele&ricity 
during  the  time  it  pafifes  under  the  filk.  And  if  the  entering 
furface  of  the  glafs  be  fupplied  with  eleclncity,  it  will  give  it 
out  at  the  other  extremity  of  contafl ; that  is  to  fay,  if  infu- 
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lated  conductors  be  applied  at  the  touching  ends  of  the  fi]k, 
the  one  will  give,  and  the  other  receive,  eleCtricity  until  the 
intenfities  of  their  oppofite  ftates  are  as  high  as  the  power  of 
the  apparatus  can  bring  them ; and  thefe  ftates  will  be  in- 
ftantly  reverfed  by  turning  the  cylinder  in  the  oppofite 
direction. 

As  this  difcovery  promifes  to  be  of  the  greateft  ufe  in  elec- 
trical experiments,  becaufe  it  affords  the  means  of  producing 
either  the  plus  or  minus  ftates  in  one  and  the  fame  conductor, 
and  of  inftantly  repeating  experiments  with  either  power,  and 
without  any  change  of  pofition  or  adjuftment  of  the  apparatus, 
it  evidently  deferved  the  moft  minute  examination. 

1 8.  There  was  little  hope  (par.  6.)  that  cufhions  could  be 
difpenfed  with.  They  were  therefore  added ; and  it  was  then 
feen,  that  the  eleCtrified  conductors  were  fupplied  by  the  dif- 
ference between  the  aCtion  of  the  cuftiion  which  had  the  ad- 
vantage of  the  filk  and  that  which  had  not;  fo  that  the  naked 
face  of  the  cylinder  was  always  in  a ftrong  eleCtric  ftate. 
Methods  were  ufed  for  taking  off  the  preffure  of  the  receiving 
eufhion  ; but  the  extremity  of  the  filk,  by  the  conftruCtion, 
not  being  immediately  under  that  eufhion,  gave  out  large 
flafhes  of  eleCtricity  with  the  power  that  was  ufed.  Neither 
did  it  appear  practicable  to  prefent  a row  of  points  or  other 
apparatus  to  intercept  the  eleClricity  which  flew  round  the 
cylinder  ; becaufe  fuch  an  addition  would  have  materially  dimi- 
nifhed  the  intenfity  of  the  conductor,  which  in  the  ufual  way 
was  fuch  as  to  flafh  into  the  air  from  rounded  extremities  of 
four  inches  diameter,  and  made  an  inch  and  half  ball  become 
luminous  and  blow  like  a point.  But  the  greateft  inconve- 
nience was,  that  the  two  ftates  with  the  backward  and  forward 
turn  were  feldom  equal ; becaufe  the  difpofition  of  the  amal- 
gam 
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gam  on  the  (ilk,  produced  by  applying  the  leather  to  the  cylin- 
der in  one  diredion  of  turning,  was  the  reverfe  of  what  mu  ft 
take  place  when  the  contrary  operation  was  performed, 

Notwithftanding  all  this,  as  the  intenfity  with  the  two 
cufiiions  was  fuch  as  moft  operators  would  have  called  ftrong, 
the  method  may  be  of  ufe,  and  I ftill  mean  to  make  more 
experiments  when  I get  poffeffion  of  a very  large  machine 
which  is  now  in  hand. 

iy.  The  more  immediate  advantage  of  this  difcovery  is,  that 
it  fuggefted  the  idea  of  two  fixed  cufiiions  with  a moveable 
filk  flap  and  rubber.  Upon  this  principle,  which  is  fo  Ample 
and  obvious,  that  it  is  wonderful  it  fhould  have  been  fo  long 
overlooked,  1 have  conftruded  a machine  with  one  condudor,  in 
which  the  two  oppofite  and  equal  ftates  are  produced  by  the 
Ample  procefs  of  loofening  the  leather  rubber,  and  letting  it 
pafs  round  with  the  cylinder  (to  which  it  adheres)  until  it 
arrives  at  the  oppofite  fide,  where  it  is  again  fattened.  A wifh 
to  avoid  prolixity  prevents  my  defcribing  the  mechanifm  bjr 
which  it  is  let  go,  and  fattened  in  an  inftant,  at  the  fame  time 
that  the  cufhion  is  made  either  to  prefs  or  is  withdrawn,  as 
occafion  requires. 

20.  Although  the  foregoing  feries  of  experiments  naturally 
lead  us  to  confider  the  filk  as  the  chief  agent  in  excitation  ; yet 
as  this  bufinefs  was  originally  performed  by  a cufhion  only,  it 
becomes  an  objed  of  enquiry  to  determine  what  happens  in 
this  cafe. 

21.  The  great  Beccaria  * inferred,  that  in  a Ample 
cufhion,  the  line  of  fire,  which  is  feen  at  the  extremity  of  con- 
tad  from  which  the  furface  of  the  glafs  recedes,  confifts  of 
returning  eledricity ; and  Dr.  Nooth  grounded  his  happy 

* Philofophical  Tranfaftions,  Vol.  LVI,  p.  117. 

Rr  2 


invention 


2 y 2 $dr.  Nicholson’s  Experiments  and 

invention  of  the  fiik  flap  upon  the  fame  fuppofition.  The 
former  afferts,  that  the  lines  of  light  both  at  the  entering  and 
departing  parts  of  the  furface  are  abfolutely  fimilar  ; and  thence 
infers,  that  the  cufhion  receives  on  the  one  fide,  as  it  certainly 
does  on  the  other.  I find,  however,  that  the  fa£t  is  diredtly 
contrary  to  this  affertion ; and  that  the  oppofite  inference 
ought  to  be  made,  as  far  as  this  indication  can  be  reckoned  con- 
clufive : for  the  entering  furface  exhibits  many  luminous  per- 
pendiculars to  the  cufhion,  and  the  departing  furface  exhibits  a 
neat  uniform  line  of  light.  This  circumftance,  together  with 
the  confideration  that  the  line  of  light  behind  the  filk  in  par. 
8.  could  not  confift  of  returning  eledfricity,  fhewed  the  necef- 
fity  of  farther  examination.  I therefore  applied  the  edge  of 
the  hand  as  a rubber,  and  by  occafionally  bringing  forward 
the  palm,  I varied  the  quantity  of  eledfricity  which  pafled  near 
the  departing  furface.  When  this  was  the  greateft,  the  fparks 
at  the  eledfrometer  were  the  moft  numerous.  But,  as  the  ex- 
periment was  liable  to  the  objedtion  that  the  rubbing  furface 
was  variable,  I patted  a piece  of  leather  upon  a thin  flat  piece 
of  wood,  then  amalgamed  its  whole  furface,  and  cut  its  extre- 
mity off  in  a neat  right  line  clofe  to  the  wood.  This  being 
applied  by  the  conffant  adfion  of  a fpring  againfl;  the  cylinder, 
produced  a weak  excitation,  and  the  line  where  the  contact  of 
the  cylinder  and  leather  ceafed  (as  abruptly  as  poffible)  exhi- 
bited a very  narrow  fringe  of  light.  Another  piece  of  wood 
was  prepared  of  the  fame  width  as  the  rubber,  but  one  quarter 
of  an  inch  thick,  with  its  edges  rounded,  and  its  whole  fur- 
face covered  with  tin-foil.  This  was  laid  on  the  back  of  the 
rubber,  and  was  there  held  by  a fmall  fpring,  in  fuch  a man- 
ner as  that  it  could  be  Hided  onward,  fo  as  occafionally  to  project 
beyond  the  rubber,  and  cover  the  departing  and  excited  furface 
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of  the  cylinder,  without  touching  it.  The  fparks  at  the  elec- 
trometer were  four  times  as  numerous  when  this  metallic  piece 
was  thus  projected;  but  no  electricity  was  obferved  to  pafs 
between  it  and  the  cylinder.  The  metallic  piece  was  then 
held  in  the  hand  to  regulate  its  diftance  from  the  glafs ; and 
it  was  found,  that  the  fparks  at  the  electrometer  increafed  in 
number  as  it  was  brought  nearer,  until  light  appeared  between 
the  metal  and  the  cylinder,  at  which  time  they  became  fewer 
the  nearer  it  was  brought,  and  at  laft  ceafed  when  it  was  in 
contaCt. 

The  following  conclufions  appear  to  be  deducible  from  thefe 
experiments.  1.  The  line  of  light  on  a cylinder  departing 
from  a fimple  cufhion  coniifts  of  returning  eleCtricity ; ,2. 
the  projecting  part  of  the  cufhion  compenfates  the  eleCtricity 
upon  the  cylinder,  and  by  diminifhing  its  intenfity  prevents  its 
ftriking  back  in  fuch  large  quantities  as  it  would  otherwife  do ; 
3.  that  if  there  were  no  fuch  compenfation,  very  little  of  the 
excited  eleCtricity  would  be  carried  off;  and,  4.  that  the  com- 
penfation is  diminifhed,  or  the  intenfity  increafed,  in  an  higher 
ratio  than  that  of  the  diftance  of  the  compenfating  fubftance  ; 
becaufe  if  it  were  not,  the  eleCtricity  which  has  been  carried 
off  from  an  indefinitely  fmall  diftance,  would  never  fly  back 
from  a greater  diftance  and  form  the  edge  of  light. 

22.  I hope  the  confiderable  intenfity  I fhall  fpeak  of  will  be 
an  apology  for  deferibing  the  manner  in  which  I produce  it. 
I wifh  the  theory  of  this  very  obfeure  procefs  were  better 
known;  but  no  conjecture  of  mine  is  worth  mentioning.  The 
method  is  as  follows: 

Clean  the  cylinder,  and  wipe  the  filk. 

Greafe  the  cylinder  by  turning  it  againft  a greafed  leather  till 
it  is  uniformly  obfeured.  I ufe  the  tallow  of  a candle. 
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Turn  the  cylinder  till  the  fiik  flap  has  wiped  off  fo  much 
of  the  greafe  as  to  render  it  femi-tranfparent. 

Put  fome  amalgam  on  a piece  of  leather,  and  fpread  it  well 
fo  that  it  may  be  uniformly  bright.  Apply  this  againft  the 
turning  cylinder.  The  friction  will  immediately  increafe,  and 
the  leather  muft  not  be  removed  until  it  ceafes  to  become 
greater. 

Remove  the  leather,  and  the  action  of  the  machine  will  be 
very  ftrong. 

, My  rubber,  as  before  obferved,  confifts  of  the  filk  flap  parted 
to  a leather,  and  the  cufhion  is  prefled  againft  the  filk  by  a 
{lender  fpiral  fpring  in  the  middle  of  its  back.  The  cuftiion 
is  loofely  retained  in  a groove,  and  refts  againft  the  fpring  only, 
in  fuch  a manner  that  by  a fort  of  libration  upon  it  as  a ful- 
crum, it  adapts  itfelf  to  all  the  irregularities  of  the  cylinder, 
and  never  fails  to  touch  in  its  whole  length.  There  is  no  ad- 
justment to  vary  the  preflure,  becaufe  the  preflure  cannot  be 
too  fmall  when  the  excitation  is  properly  made.  Indeed,  the 
adlual  withdrawing  of  the  cufhion  to  the  diftance  of  one-tenth 
of  an  inch  from  the  filk,  as  in  par.  2.  will  not  materially  affedl 
a good  excitation. 

The  amalgam  is  that  of  Dr.  Higgins,  compofed  of  zinc 
and  mercury.  If  a little  mercury  be  added  to  melted  zinc,  it 
renders  it  eafily  pulverable,  and  more  mercury  may  be  added  to 
the  powder  to  make  a very  foft  amalgam.  It  is  apt  to  cryftal- 
lize  by  repofe,  which  feems  in  fome  meafure  to  be  prevented  by 
triturating  it  with  a fmall  proportion  of  greafe : and  it  is 
always  of  advantage  to  triturate  it  before  ufing. 

A very  ftrong  excitation  may  be  produced  by  applying  the 
amalgamed  leather  to  a clean  cylinder  with  a clean  filk.  But 
4 * it 
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it  foon  goes  off,  and  is  not  fo  ftrong  as  the  foregoing,  which 
lafts  feveral  days. 

23.  To  give  fome  diftimftive  criterions  by  which  other  elec- 
tricians may  determine  whether  the  intenfity  they  produce  ex- 
ceeds or  falls  fhort  of  that  which  this  method  affords,  I fhali 
mention  a few  fafls. 

With  a cylinder  7 inches  diameter  and  cufhion  8 inches  long, 
three  brufhes  at  a time  conftantly  flew  out  of  a three-inch  ball  in 
afucceffion  too  quick  to  be  counted,  and  a ball  of  if  inch  dia- 
meter was  rendered  luminous,  and  produced  a ftrong  wind  like  a 
point.  A nine-inch  cylinder  with  an  eight-inch  cufhion  occafioned 
frequent  flafhes  from  the  rourid  end  of  a conductor  4 inches 
diameter:  with  a ball  of  2f  inches  diameter  the  flafhes  ceafed 
now  and  then,  and  it  began  to  appear  luminous : a ball  of  if 
inch  diameter  firft  gave  the  ufual  flafhes  ; then,  by  quicker 
turning,  it  became  luminous  with  a bright  fpeck  moving  about 
on  its  furface,  while  a conftant  ftream  of  air  rufhed  from  it ; 
and,  laftly,  when  the  intenfity  was  greateft,  brufhes,  of  a dif- 
ferent kind  from  the  former,  appeared.  Thefe  were  lefs  lu- 
minous, but  better  defined  in  the  branches;  many  ftarted  out 
at  once  with  a hoarfe  found.  They  were  reddifh  at  the  fiem, 
fooner  divided,  and  were  greenifh  at  the  point  next  the  ball, 
which  was  brafs.  A ball  of  4L  inch  diameter  was  furrounded 
by  a fteady  faint  light,  enveloping  its  exterior  hemifphere, 
and  fometimes  a flafh  ftruck  out  at  top.  When  the  excitation 
was  ftrongeft  a few  flafhes  ftruck  out  fideways.  The  horizontal 
diameter  of  the  light  was  longeft,  and  might  meafure  one 
inch,  the  ftem  of  the  ball  being  vertical* 

This  laft  phaenomenon  is  fimilar  to  a natural  event  related 
by  M.  Loammi  Baldwin  *,  who  railed  an  eledtrical  kite  in 

* Memoirs  of  the  American  Academy,  Vol,  I.  p.  257. 
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July,  1771?  during  the  approach  of  a fevere  th under -ftorm, 
and  obferved  himfelf  to  be  furrounded  by  a rare  medium  of 
fire,  which,  as  the  cloud  rofe  nearer  the  zenith,  and  the  kite 
role  higher,  continued  to  extend  itfelf  with  fome  gentle  faint 
flafhes.  Mr.  Baldwin  felt  no  other  effedt  than  a general 
weaknefs  in  his  joints  and  limbs,  and  a kind  of  liftlefs  feeling ; 
all  which  he  obferves  might  poffibly  be  the  effedt  of  furprize, 
though  it  was  fufficient  to  difcourage  him  from  perfifting  in 
any  farther  attempt  at  that  time.  He  therefore  drew  in  his 
kite,  and  retired  to  a (hop  till  the  ftorm  was  over,  and  then 
went  to  his  houfe,  where  he  found  his  parents  and  friends 
much  more  furprifed  than  he  had  been  himfelf ; who,  after 
exprefting  their  aftonifhment,  informed  him,  that  he  appeared 
to  them  (during  the  time  he  was  railing  the  kite)  to  be  in  the 
midft  of  a large  bright  flame  of  fire,  attended  with  flafhings; 
and  that  they  expedted  every  moment  to  fee  him  fall  a facrifice 
to  the  flame.  The  fame  was  obferved  by  fome  of  his  neigh- 
bours, who  lived  near  the  place  where  he  flood. 

This  fadt  is  fimilar  to  another  obferved  by  M.  de  Saussure 
on  the  Alps,  and  both  are  referable  to  my  luminous  ball  with 
the  lecond  kind  of  brufh.  The  cloud  mufthave  been  negative. 

With  a 12-inch  cylinder,  and  rubber  of  yl  inches,  a five- 
inch  ball  gave  frequent  flafhes,  upwards  of  14  inches  long, 
and  fometimes  a fix-inch  ball  would  flaflh.  I do  not  mention 
the  long  fpark,  becaufe  I was  not  provided  with  a favourable 
apparatus  for  the  two  larger  cylinders.  The  7-inch  cylinder 
affords  a fpark  of  10J  inches  at  beft.  The  9-inch  cylinder, 
not  having  its  condudtor  infulated  on  a iupport  fufficiently 
high,  afforded  flafhes  to  the  table  which  was  14  inches  diftant. 
And  the  12-inch  cylinder,  being  mounted  only  as  a model  or 
trial  for  conftructing  a larger  apparatus,  is  defedtive  in  feverai 

refpedts 
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refpe&s  which  I have  not  thought  fit  to  alter.  When  the  five- 
inch  ball  gives  flafhes,  the  cylinder  is  enveloped  on  all  fides 
with  fire  which  rufhes  from  the  receiving  part  of  the  con- 
ductor. I never  ufe  points,  but  in  a fimple  machine  bring  the 
conductor  almoft  in  contaft,  with  the  cylinder.  In  this  appa- 
ratus that  cufliion  to  which  the  rubber  is  not  applied  ferves 
that  purpofe. 

24.  Thefe  marks  exhibit  the  intenfity  as  deduced  from  fim- 
ple electrifying.  I will  now  mention  the  rate  of  charging, 
which  was  nearly  the  fame  in  all  the  three  cylinders. 

A large  jar  of  350  fquare  inches*  or  near  2§  fquare  feet, 
with  an  uncoated  varnifhed  rim,  of  more  than  four  inches  in 
height,  was  made  to  explode  fpontaneoufly  over  the  rim.  The 
jar,  when  broken,  proved  to  be  0.082  inches  thick  on  an  ave- 
rage ; and  the  number  of  fquare  feet  of  the  furface  of  the 
cylinder  which  was  rubbed,  to  produce  the  charge  of  one  foot, 
was,  when  ieaft,  18.03,  ail<^  when  moft,  with  good  excita- 
tion, 19-34.  The  great  machine  at  Harlem  charges  * a (ingle 
jar' of  one  foot  fquare  by  the  fridtion  of  66.6  fquare  feet,  and 
charges  its  battery  of  225  fquare  feet  at  the  rate  of  94.8  fquare 
feet  rubbed  for  each  foot.  The  intenfity  of  electricity  on  the 
furface  of  the  glafs  is  therefore  confiderably  lefs  than  one- 
fourth  of  that  here  fpoken  of ; but  if  we  take  the  moil:  favoura- 
ble number  6636  at  the  commencement  of  turning,  and  halve 
it  on  account  of  the  unavoidable  imperfection  of  a plate  ma- 
chine (as  (hewn  in  par.  1 4.),  it  will  be  found,  that  the  manage- 
ment applied  to  that  machine  would  caufe  a cylinder  to  charge 
one  fquare  foot  by  the  friCtion  of  334  fquare  feet.  It  muft  be 
obferved,  however,  that  M.  van  Marum’sowii  machine,  con- 

* To  explode  from  the  central  wire,  which,  from  fome  trials,  I find  to  require 
lefs  force  than  from  coating  to  coating  at  equal  diftances. 
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lifting  of  two  plates,  33  Inches  diameter,  has  only  half  the 
intenfity,  though  he  reckons  it  a very  good  one.  This  machine 
is  about  equal  in  abfolute  power  to  my  9-inch  cylinder,  with  its 
ihort  rubber;  but  it  is  near  thirty  times  as  dear  in  price.  In 
all  thefe  deductions  I omit  the  computations,  for  the  fake  of 
brevity,  and  becaufe  they  are  eafily  made.  The  data  are  found 
in  the  defcription  of  the  Teylerian  machine,  and  its  continua- 
tion publifhed  at  Harlem  in  the  years  1785  and  1787. 

I (hall  here  take  the  liberty  of  ohferving,  that  the  adtion  of 
the  cylinder,  by  a Ample  cufhion  or  the  hand,  which  excited 
the  aftonifhment  of  all  Europe,  in  the  memory  of  our  co-tem- 
poraries, was  firft  improved  by  the  addition  of  a leathern  flap ; 
then  by  moiftening  the  rubber  5 afterwards  by  applying  the 
amalgam ; and,  laftly,  by  the  addition  of  a filk  flap.  Now,  I 
find,  by  experiment,  that  we  at  prefent  obtain  upwards  of 
forty  times  the  intenfity  which  the  bare  hand  produces ; and 
confequently -that,  fince  eighteen  times  our  prefent  intenfity 
will  equal  the  utmoft  we  can  now  con  den  fe  on  ftrong  glafs 
even  in  the  form  of  a charge ; we  have  a lefs  ftep  to  take  be- 
fore we  arrive  at  that  amazing  power,  than  our  immediate  pre* 
deceffors  have  already  made. 

My  9 *inch  cylinder,  when  broken,  proved  to  be  p.T  of  ail 
inch  thick. 

Sect.  II.  Upon  the  luminous  Appearances  of  Ele&ricity  and  the 

Action  of  Points . , 

25.  Some  of  the  luminous  appearances,  with  balls  in  the 
pofitive  ftate,  have  been  flightly  noticed  as  criterions  of  intenfity. 

I fhall  here  add,  that  the  efcape  of  negative  electricity  from  a ball 
is  attended  with  the  appearance  of  ftrait  (harp  fparks  with  a 
7 hoarfe 
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hoarfe  or  chirping  noife.  When  the  ball  was  lefs  than  two 
inches  in  diameter,  it  was  ufually  covered  with  fhort  flames 
of  this  kind,  which  were  very  numerous. 

26.  When  two  equal  balls  were  prefented  to  each  other, 
and  one  of  them  was  rendered  ftrongly  pofitive,  while  the 
other  remained  in  connexion  with  the  earth,  the  pofitive  brufh 
or  ramified  {park  was  feen  to  pafs  from  the  electrified  ball : 
when  the  other  ball  was  eleCtrified  negatively,  and  the  ball, 
which  before  had  been  pofitive,  was  connected  with  the  ground, 
the  eleCtricity  (paffing  the  fame  way  according  to  Franklin) 
exhibited  the  negative  flame,  or  denfe  ftraight  and  more  lu- 
minous fpark,  from  the  negative  ball ; and  when  the  one  ball 
was  eleCtrified  plus  and  the  other  minus , the  figns  of  both  elec- 
tricities appeared.  If  the  interval  was  not  too  great,  the  long 
zig-zag  fpark  of  the  plus  ball  ftruck  to  the  ftrait  flame  of 
the  minus  ball,  ufually  at  the  diftance  of  about  one-third  of 
the  length  of  the  latter  from  its  point,  rendering  the  other 
two-thirds  very  bright.  Sometimes,  however,  the  pofitive 
fpark  ftruck  the  ball  at  a diftance  from  the  negative  flame. 
Thefe  effefts  are  reprefented  in  Plate  IV.  fig.  1,  2 and  3. 

27.  Two  conductors  of  three-quarters  of  an  inch  diameter, 
with  fpherical  ends  of  the  fame  diameter,  were  laid  parallel  to 
each  other,  at  the  diftance  of  about  two  inches,  in  fuch  a 
manner  as  that  the  ends  pointed  in  oppofite  directions,  and 
were  fix  or  eight  inches  afunder.  Thefe,  which  may  be  dif- 
tinguifhed  by  the  letters  P and  M,  Were  fucceffively  eleCtrified 
as  the  balls  were  in  the  laft  paragraph.  When  one  conductor 
P was  pofitive,  fig.  5.  it  exhibited  the  fpark  of  that  eleCtricity  at  its 
extremity,  and  ftruck  the  fide  of  the  other  conductor  M.  When 
the  laft-mentioned  conductor  M was  eleCtrified  negatively, 
fig.  4.  the  former  being  in  its  turn  connected  with  the  earth, 
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the  fparks  ceafed  to  ftrike  as  before,  and  the  extremity  of  the 
electrified  conductor  M exhibited  negative  figns,  and  ftruok  the 
fide  of  the  other  conductor.  And  when  one  conductor  was 
eleCtrifiedy>/^r  and  the  other  minus , fig.  6.  both  figns  appeared  at 
the  fame  time,  and  continual  ft  reams  of  eleCtricity  paffed  between 
the  extremities  of  each  conductor  to  the  fide  of  the  other  con- 
ductor oppofed  to  it.  In  each  of  thefe  three  cafes,  the  current 
of  eleCtricity,  on  the  hypothefis  of  a fingle  fluid,  paffed  the 
fame  way. 

28.  In  drawing  the  long  fpark  from  a ball  of  four  inches 
diameter,  I found  it  of  fome  confequence  that  the  ftem  fliould 
not  be  too  fhort,  becaufe  the  vicinity  of  the  large  prime  con- 
ductor altered  the  difpofition  of  the  eleCtricity  to  efcape ; I 
therefore  made  a fet  of  experiments,  the  refult  of  which 
fhewed,  that  the  difpofition  of  balls  to  receive  or  emit  eleCtri- 
city  is  greateft  when  they  ftand  remote  from  other  fur  faces  in 
the  fame  ftate ; and  that  between  this  greateft  difpofition  in 
any  ball,  whatever  may  be  its  diameter,  every  pofiible  lefs 
degree  may  be  obtained  by  withdrawing  the  ball  towards  the 
broader  or  lefs  convex  furface  out  of  which  its  ftem  projeCls, 
until  at  length  the  ball,  being  wholly  depreffed  beneath  that 
furface,  lofes  the  difpofition  entirely.  From  thefe  experiments 
it  follows,  that  a variety  of  balls  is  unneceffary  in  eleCtricity  ; 
becaufe  any  fmall  ball,  if  near  the  prime  conductor,  will  be 
equivalent  to  a larger  ball  whofe  ftem  is  longer. 

29.  From  comparing  fome  experiments,  made  by  myfelf 
many  years  ago,  with  the  prefent  fet,  I confidered  a point  as  a 
ball  of  an  indefinitely  fmall  diameter,  and  conftruCted  an  in- 
ftrument  confifting  of  a brafs  ball  of  fix  inches  diameter, 
through  the  axis  of  which  a ftem,  carrying  a fine  point,  was 
fcrewed.  When  this  ftem  is  fixed  in  the  prime  conductor,  if 

the 
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the  ball  be  moved  on  its  axis  in  either  diredtion,  it  caufes  the 
fine  point  either  to  protrude  through  a fmall  hole  in  its  exter- 
nal furface,  or  to  withdraw  itfelf ; becaufe  by  this  means  the 
ball  runs  along  the  item.  The  difpofition  of  the  point  to 
tranfmit  eledtricity  may  thus  be  made  equal  to  that  of  any  ball 
whatever,  from  the  minute  ft  fize  to  the  diameter  of  fix  inches* 
See  fig,.  7.  let.  A. 

30.  The  adtion  of  pointed  bodies  has  been  a fubjedt  of  dif- 
cuffion  ever  fince  it  was  firft  difcovered,  and  is  not  yet  well 
explained.  To  thofe  who  afcrihe  this  effedt  to  the  figure  of 
eledtrlc  atmofpheres,  and  their  difpofition  to  fly  off,  it  may  be 
anfwered,  that  they  ought  firft  to  prove  their  exiftence,  and 
then  fhew  why  the  caufe  which  accumulated  them  does  not 
prevent  their  efcape ; not  to  mention  the  difficulty  of  explain- 
ing the  nature  of  negative  atmofpheres,  If  thefe  be  fuppofed 
to  confift  of  eledtrified  air,  it  will  not  be  eafy  to  fhew  why  a 
current  of  air  palling  near  a prime  conductor  does  not  deftroy 
its  effedts.  The  opinion,  fupported  by  the  celebrated  Volta 
and  others,  that  a point  is  the  coating  to  an  infinitely  fmall 
plate  of  air,  does  not  appear  better  founded  : for  fuch  a plate 
muft  be  broken  through  at  a greater  diftance  only  becaufe 
higher  charged ; whence  it  would  follow,  that  points  ffiould 
not  adt  but  at  high  intenfities.  I muft  iikewife  take  notice,  as 
a proof  that  the  charge  has  little  to  do  here,  that  if  a ball  be 
prefented  to  the  prime  condudtor,  at  the  fame  time  that  a 
point  proceeds  from  the  oppofite  fide  of  the  ball,  the  eledtri- 
city  will  pafs  by  the  point,  though  it  is  obliged  to  go  round 
the  ball  for  that  purpofe ; but  it  can  hardly  be  doubted,  that 
whatever  charge  obtains  in  this  cafe  is  on  the  furface  of  the 
ball  next  the  condudtor,  and  not  on  the  remote  fide  to  which 
th§  dedtricity  diredts  its  courfe.,  r 

31,  Achard’s 
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31.  Achard’s  experiments  with  a number  of  pointed  cc  nes, 
fcrewed  in  a plate  of  metal,  and  likewife  the  pointed  apparatus 
defcrihed  (par.  29  ) fhew  that  the  effecl  of  points  depends  on 
the  remotenefs  of  their  extremities  from  the  other  parts  of  the 
conduftor.  This  leads  to  the  following  general  law. 

In  any  electrified  conductor  the  tranjition  or  efcape  of  electricity 
-will  be  made  chiefly  from  that  part  of  the  fur  face  which  is  the 
moft  remote  from  the  natural  fate . 

Thus  in  the  apparatus  of  the  ball  and  Idem,  the  point  hav- 
ing a communication  with  the  reft  of  the  whole  condu&or, 
conftantly  poffe  fifes  the  fame  intenfity ; but  the  influence  of 
the  furrounding  furface  of  the  ball  dimi nifties  its  capacity. 
This  diminution  is  iefs  the  farther  the  ball  is  withdrawn,  and 
confequently  the  point  will  really  poflefs  more  ele&ricity,  and 
be  more  difpofed  to  give  it  out  when  it  is  prominent  than 
when  deprefifed.  The  fame  explanation  ferves  for  negative 
electricity. 

32.  The  effeCt  of  a pofttive  furface  appears  to  extend  farther 
than  that  of  a negative : for  the  point  a£ts  like  a ball  when 
confiderably  more  prominent  if  it  be  pofitive  than  it  will  if 
negative.  This  property  was  ufed  by  me  fome  years  ago  for 
the  conftruCtion  of  an  inftrument  to  diftinguifti  the  two  elec- 
tricities 

For  the  fake  of  concifenefs  I pafs  over  many  faCts  which 
have  prefented  themfelves  in  the  courfe  of  my  experiments  on 
the  two  electricities,  and  content  myfelf  with  obferving,  that 
there  is  fcarcely  any  experiment  made  with  the  pofitive  power 
which  will  not  afford  a refult  worthy  of  notice,  if  repeated 
with  the  negative. 

* Introduction  to  Natural  Philofophy,  Vol.  II.  p,  320. 

33.  When 
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33.  When  we  confider  that  our  machines  can  caufe  a ball  of 
an  inch  and  half  diameter  to  act  like  a point,  and  that  our 
apparatus  makes  a point  ad  like  a ball ; if  at  the  fame  time  we 
remark  the  fmall  elevation  of  our  condudors  for  lightning 
above  the  extended  furface  of  the  ground,  and  the  fmall  fize  of 
the  balls  propofed  by  fome  to  be  ufed  as  terminations;  the  dis- 
pute, which  was  fo  much  agitated  refpeding  them,  will  per- 
haps be  found  to  relate  to  a very  minute  circumftance,  among 
the  many  which  govern  the  great  operations  of  nature.  It 
does  not  feem  probable,  that  any  condudor  would  ad  filently 
If  the  main  courfe  of  the  eledricity  of  a negative  cloud  were 
to  pafs  through  it,  and  many  would  probably  receive  the  ftroke 
from  a pofitive  cloud.  It  does  not,  however,  follow  from, 
this,  that  they  might  not  condud  it  with  fafety. 

f v . 

' 1 

Sect.  III.  Of  compenfated  Electricity . 

34.  It  is  unneceffary  to  infill  upon  what  is  called  the  equi- 
librium of  an  eledrical  charge,  becaufe  Dr.  Franklin  has 
admirably  explained  it  according  to  his  hypothefis.  But  there 
is  another  important  particular,  which  has  been  almoft  entirely 
overlooked,  namely,  the  uncompenfated  eledricity  which 
is  as  eflential  to  the  charge  as  that  which  is  in  equi- 
libria, Whenever  a jar  is  charged,  the  greateft  part  of 
the  eledricity  becomes  latent  on  account  of  the  compenfa- 
tion ; but  there  is  a certain  proportion  which  remains  on  the 
infulated  fide,  and  exerts  its  force  to  prevent  the  eledricity 
from  returning  to  the  outer  furface.  In  moderate  intenfities* 
this  will  explode,  and  carry  the  charge  with  it,  to  diftances 
which  are  in  proportion  to  the  quantity  of  the  charge  itfelf ; 
but  in  greater  intenfities  the  diftances  greatly  exceed  that  pro- 
portion. With  glafles  of  different  thicknefles,  this  mtenfity* 
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as  meafured  by  the  explofive  fpark,  is  as  the  thicknefs,  when 
the  charges  are  equal,  as  Mr.  Cavendish  has  determined,  and 
I find  like  wife  by  experiments  with  thin  fubftances ; but  when 
the  thicknefles  are  greater,  it  increafes  in  a higher  proportion, 
as  is  found  by  the  explofion  which  takes  place  between  the 
eleCtrophore  and  its  plate,  as  well  as  by  other  experiments. 

35.  This  uncompenfated  part  of  the  charge  (which  is  com- 
monly in  proportion  to  the  quantity  of  latent  or  compenfated 
eieCtricity,  or  to  the  diftance  at  which  it  exerts  its  aCtion)  was 
found  to  be  greatly  increafed  when  a feries  of  jars  were  made  to 
charge  each  other.  If  a jar  be  infulated  and  made  to  explode  by 
Lane’s  eie&rometer  at  a determinate  number  of  turns  ; and 
another  jar  be  then  connected  with  its  external  coating  fo  as  to 
become  charged  by  that  means,  the  explofion,  from  the  outfide 
of  the  laft  to  the  in  fide  of  the  firft,  will  take  place  at  the 
electrometer  (unaltered)  with  much  fewer  turns.  Or  if  the 
electrometer  be  altered  till  the  explofion  takes  place  at  the  ori- 
ginal number,  the  diftance  will  be  much  greater  than  before. 
Hence  we  fee,  that  the  intenfity  of  the  uncompenfated  part 
muff  be  greater  when  there  is  a greater  charge  to  be  main- 
tained, whether  it  be  on  one  furface  only,  or  on  two  furfaces 
fucceffively  connected.  I have  not  yet  made  the  experiments 
neceffary  to  afcertain  the  lav/  of  this  laft  aCtion. 

36.  It  is  evident,  that  the  breaking  of  jars  is  not  effeCted  by 
any  attraction  between  the  electricities  which  form  the  charge, 
but  by  this  neceffary  furp'lus : for  thicker  glaffes  require  much 
iefs  eieCtricity  to  produce  an  intenfity  which  breaks  them  than 
thinner  do ; and  I found  a piece  of  Mufcovy  talc,  one  hun- 
dredth of  an  inch  thick,  to  bear  a charge  confifting  of  ten 
times  the  quantity  of  eieCtricity  which  was  fufficient  to  have 

charged  an  equal  furface  of  common  glafs  fo  as  to  break  it, 

^ ...  But 
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But  the  mtenfity  of  the  very  denfe  charge  on  the  talc  was  fo 
low  as  to  aftord  an  explofion  of  no  more  than  about  one-tenth 
of  an  inch,  while  that  of  the  glafs  jar  it  was  compared  with 
exploded  through  about  five  inches. 

The  perforation  of  glafs  by  the  long  fpark,  or  by  the  fpark 
through  oil  or  cement,  feems  to  depend  on  the  very  great  i'n- 
tenfity  of  the  electricity  which  has  not  time  to  diffufe  itfelf, 
but  charges  a minute  part  of  the  furface  very  high. 

37.  Mufcovy  talc  * being  a very  perfect  non-conductor,  and 
capable  of  being  divided  into  plates  of  lefs  thicknefs  than  one 
two-hundredth  part  of  an  inch,  I made  many  experiments 
with  it,  which  are  too  numerous  to  enter  into  this  Paper,  In 
confequence  of  its  great  capacity  it  gives  very  ftrong  fhocks. 
Contrary  to  the  affertion  of  Beccaria,  I found  that  its  la- 
minae are  naturally  in  ftrong  oppolite  ftates  of  electricity,  and 
fla(h  to  each  other  when  torn  afunder  in  the  dark.  A large 
piece  being  fplit  in  two,  the  parts  were  found  to  be  in  oppolite 
ftates.  The  greateft  care  was  taken  in  thefe  experiments  to 
avoid  friction,  and  to  ufe  fuch  pieces  as  had  never  been  excited, 
nor  brought  near  the  machine. 

38.  The  inoft  plaufible  objection  againft  the  probability  of 
danger  from  the  returning  ftroke  of  the  Earl  of  Stanhope  is, 
that  the  quantity  of  electricity  in  an  animal  is  too  fmall  to  pro« 
duce  any  mifchievous  effect.  This  the  noble  author  has  anfwered 
by  remarking,  that  the  quantity  has  not  been  (hewn  to  be 
fmall  My  experiments  with  talc  (hewing  that  it  naturally 
pofl’effes  much  eletricity,  led  me  to  inveftigate  the  quantity 
which  a man  may  contain.  I melted  fealing  wax  upon 
Bennet’s  electrometer  with  a burning  glafs,  and  found  it  pro- 

* I am  not  certain  whether  Henley  or  Beccaria  firft  nfed  this  fubftance  ; 
hut  little  attention  was  paid  to  it  by  either,  f Phil,  Tranf,  Vol.  LXXVII.  p.  143, 

Vol.  LXXIX.  T t duced 
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duced  no  electricity  either  in  heating  or  cooling.  I alfo  placed 
a.  piece  of  red-hot  glafs  upon  the  lame  inftrument,  and  it 
cooled  without  affording  eleCtric  figns.  Thefe  experiments 
fhewed,  that  the  natural  quantity  of  electricity  is  the  fame  in 
thefe  bodies,  whether  they  be  in  the  conducting  or  non-con- 
duCting  ftate  ; and  confequently,  if  it  can  be  proved,  that  an 
eleCttric  contains  a large  quantity  of  electricity,  the  inference 
may  be  fairly  extended  to  non-eleCtrics.  And  it  will  not 
be  difputed,  upon  any  hypothefis,  but  that  a non-con- 
duCtor,  or  its  coating,  contains  as  much  of  what  we  call 
electricity  as  can  be  driven  out  of  it  in  the  aCt  of  charg- 
ing. Two  fquare  inches  of  talc,  of  the  thicknefs  of  0,011 
inch,  were  repeatedly  charged  and  made  to  explode  over  the 
uncoated  part,  by  each  turn  of  a feven-inch  cylinder-  The 
intenfity  of  the  excitation  was  fuch,  that  a conductor,  of  three 
feet  long,  and  feven  inches  diameter,  gave  a denfe  fpark  of  9 
inches  long  at  each  turn.  Now,  in  round  numbers  45  fuch 
plates  of  talc,  laid  upon  each  other,  would  have  formed  a 
folid  inch  of  matter  ; and  from  this,  if  fitted  up  as  a Bec- 
caria’s  battery,  we  could  with  our  machine  drive  out  electri- 
city enough  limply  to  charge  a conductor  45  times  as  long 
(negleCting  the  ends)  ; that  is  to  fay,  we  find  that  one  folid 
inch  of  talc  contains  eleCtricity  enough  to  charge  a conductor 
of  7 inches  diameter,  and  \ 55  feet  long,  fo  high  as  to  give  a 
nine-inch  fpark  at  lealt,  but  how  much  more  it  contains  we 
know  not. 

If  it  be  here  objected*  that  the  talc  does  nothing  more  than 
feparate  the  coatings,  we  may  make  ufe  of  gold  leaf  for  our 
coating ; which  fubftance  being  (as  I find  by  weight  and  mea- 
furement)  no  more  than  ^.^>-0-0  of  an  inch  thick,  would  in- 
creafe  the  refuit  near  three  thoufand  times. 

Without 
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Without  referring  to  the  intenfe  ele&ri'citjr  of  a cloud,  or 
the  bulk  of  a man,  it  may  be  obferved,  that  fuch  a fpark 
would  be  very  painful.  But  to  purfue  our  computation.  The 
cylinder  charged  a fquare  foot  of  glafs,  of  about  0.08  thick, 
in  15  turns  fo  as  to  explode  over  a rim  above  four  inches 
high.  Fifteen  of  the  pieces  of  talc  would  therefore  poffefs  as 
much  eleClricity  as  makes  the  charge  of  a jar  of  one  foot 
fquare,  and  the  45  pieces  or  folid  inch  would  contain  enough  to 
charge  three  fquare  feet.  If  we  fuppofe  the  bulk  of  a man  to 
be  only  3 folid  feet  or  5184  folid  inches,  the  natural  eleCtricity 
of  this  mafs,  as  deduced  from  the  foregoing  faCts,  will  be 
equal  to  the  charge  of  a battery  of  upwards  of  15,000  fquare 
feet. 

I beg  leave  to  obferve,  in  concluding  this  Paper,  that  I 
have  been  very  careful  in  repeating  the  experiments  with  many 
precautions  which  the  experienced  in  this  branch  of  natural 
philofophy  will  perceive  the  neceffity  of ; though,  in  order  to 
keep  this  communication  within  proper  limits,  1 have  here 
avoided  a minute  defcription  of  them.  With  the  fame  view  I 
have  likewife  forborn  to  fpeak  either  of  theory,  or  of  a number  of 
other  experimental  refearches  I have  made  during  the  courfe 
of  this  enquiry.  Dates  are  entirely  omitted  from  a conviction 
that  the  priority  of  accidental  difcovery  is  not  worth  con- 
tending for,  and  that  no  difputes  ever  arife  about  that  general 
tenor  of  conduCt  in  the  cultivation  of  fcience,  upon  which 
the  rational  part  of  mankind  ground  their  approbation  or 
cenfure. 

New  North-flreet, 

May  14,  1789. 

p.  s. 
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P.  S.  Since  the  above  was  written,  the  Journal  de  Phyjique 
for  April,  1789,  has  arrived.  It  contains  an  excellent  Paper 
of  M.  Van  Marum,  giving  an  account  of  fome  very  confi- 
derable  amendments  of  the  rubber,  and  of  the  manner  of 
applying  it  to  plate  machines.  The  chief  improvement  con- 
lifts  in  fixing  the  filk  to  the  pofterior  part  of  the  rubber,  fo  that 
it  covers  the  whole  face,  and  has  the  amalgam  applied  upon  it. 
I cannot,  however,  avoid  expreffing  my  furprize,  that  this  im- 
provement, which  has  been  in  common  ufe  in  England  for 
upwards  of  twelve  years  paft,  fhould  now  be  offered  as  a 
difcovery  by  fo  experienced  a philofopher.  With  his  new  rub- 
bers M.  Van  Marum  excites  his  plates  of  33  inches  diameter  fo 
ftrongly  as  to  produce  pearly  two* thirds  of  the  former  effedl 
of  the  Teylerian  machine,  though  the  rubbed  furfaces  of  thefe 
machines  are  now  as  691  to  2409.  This  power  would  charge 
the  fingle  jar  by  the  friblion  of  28.6  fquare  feet,  or  the  battery 
by  rubbing  36.2  feet,  inftead  of  the  numbers  66.6  and  94.8, 
as  given  in  par.  24.  This  is  a vaft  acquifition  of  intenfity; 
but  {till  little  more  than  half  that  of  the  furface  of  a cylinder, 
as  mentioned  in  the  fame  paragraph.  But  if  par.  14.  be  ad- 
mitted to  prove  that  plate  machines  gain  nothing  by  the  fridtion 
of  the  back  furfaces,  it  will  follow,  that  M.  Van  Marum ’s 
management,  if  applied  to  a cylinder,  would  do  better  than 
mine. 
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XXIII.  Experiments  on  the  TranfmiJJton  of  the  Vapour  of  Acids 
thi  an  hot  earthen  Tube,  and further  Obfervations  relating 
to  Phlogijlon.  By  the  Rev.  Jofeph  Prieftley,  LL.D.  F . R . S. 


Read  July  2,  1789,  , 

IN  my  late  experiments  on  the  phlogijlication  of  fpirit  of  nitre 
by  heat  it  appeared,  that  when  pure  air  was  expelled  from 
what  is  called  dephlogifticated  fpirit  of  nitre,  the  remainder 
was  left  phlogiflicated.  This  I find  abundantly  confirmed  by 
repeating  the  experiments  in  a different  manner,  and  on  a 
larger  fcale  ; and  I have  applied  the  fame  procefs  to  other  acids 
and  liquors  of  a different  kind.  From  thefe  it  will  appear,  that 
oil  of  vitriol  and  fpirit  of  nitre,  in  their  moft  dephlogifticated 
Rate,  confift  of  a proper  faturation  of  the  acids  with  phlo- 
gifton,  fo  that  what  we  have  called  the  phlogiftication  of  them, 
ought  rather  to  have  been  called  their  juper-phlogiftication. 

I began  with  treating  a quantity  of  oil  of  vitriol  as  I had 
done  the  fpirit  of  nitre,  viz * expofing  it  to  heat  in  a glafs  tube, 
hermetically  fealed  and  nearly  exhaufted  ; and  the  refult  was 
fimilar  to  that  of  the  experiment  with  the  nitrous  acid,  with 
refpedl:  to  theexoullion  of  air  from  it,  though  the  phlogifrica- 
tion  not  appearing  by  any  change  of  colour , I did  not  in  this 
method  afcertain  that  circumftance,  The  particulars  were  as 
follows. 

i\fter  the  acid  had  been  made  to  boil  fome  time,  a denfe 
white  vapour  appeared  in  quick  motion  at  a diflance  above  the 

acid, 
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acid,  and  though,  on  withdrawing  the  fire,  that  vapour  difap- 
peared,  it  inftantly  re-appeared  on  renewing. the  heat.  When 
the  tube  was  cool,  I opened  it  under  water,  and  a quantity  of 
air  rufhed  out,  though  the  acid  had  been  made  to  boil  vio- 
lently while  it  was  doling,  fo  that  there  could  not  have  been 
much  air  in  the  tube.  This  air,  which  muft  therefore  have 
been  generated  in  the  tube,  was  a little  worfe  than  common 
air,  being  of  the  ftandard  of  1.12  when  the  latter  was  1.04. 
I repeated  the  experiment  feveral  times,  and  always  with  the 
fame  refult. 

That  this  air  fhould  be  worfe  than  common  air,  I cannot 
well  explain.  But  in  my  former  experiments  it  appeared  that 
vitriolic  acid  air  injures  common  air ; and  that  in  proportion  as 
pure  air  is  expelled  from  this  acid,  the  remainder  becomes  phlo- 
gifticated,  or  charged  with  vitriolic  acid  air,  clearly  appeared 
in  the  following  experiment. 

Making  a quantity  of  oil  of  vitriol  boil  in  a glafs  retort,  and 
making  the  vapour  pafs  through  a red-hot  earthen  tube,  glazed 
infide  and  out,  and  filled  with  pieces  of  broken  tubes,  I col- 
lected the  liquor  that  diftilled  over,  and  found  it  to  be  the 
fame  thing  with  water  impregnated  with  vitriolic  acid  air.  The 
fmell  of  it  was  exceedingly  pungent,  and  it  was  evident,  that 
more  of  this  air  had  efcaped  than  could  be  retained  by  that 
quantity  of  water.  The  oil  of  vitriol  ufed  in  this  procefs  was 
1 oz.  9 dw.  i8gr.  and  the  liquor  collected  was  6 dw.  1 2 gr. 
When  I collected  the  air  that  was  produced  in  this  manner^ 
which  I did  not  do  at  this  time,  it  appeared  to  be  very  pure, 
about  the  ftandard  of  0.3  with  two  equal  meafures  of  nitrous 
air. 

At  another  time,  expending  1 oz.  1 1 dw.  1 8 gr.  of  oil  of 
vitriol,  of  the  fpecific  gravity  of  1856  (that  of  water  being 

1000), 
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1000),  I colledled  39  dw.  6 gr.  of  the  volatile  acid,  of  the 
fpecific  gravity  of  1340,  and  130  oz.  meafures  of  dephlogifti- 
cated  air  of  the  purefl  kind,  viz.  of  the  fiandard  of  0.15. 

It  is  eafy  in  this  manner  to  colled:  a great  quantity  of  de- 
phlogifticated  air  ; hut  the  principal  objection  to  the  procefs  is, 
that  after  ufing  a few  times,  the  earthen  tubes  become  tender, 
and  too  eafily  break,  efpecially  in  heating  or  cooling.  It  is 
alfo  difficult  to  lute  the  retort  containing  the  acid  and  the 
earthen  tube.  The  air  produced  in  this  manner  is  filled  with 
the  denfeft  white  cloud  imaginable. 

Going  through  the  fame  procefs  with  fpirit  of  nitre,  the 
refult  was  in  all  respects  limilar,  but  much  more  fir  iking,  the 
produdion  of  both  dephlogifticated  air  and  phlogifticated  acid 
vapour  being  prodigioufly  quicker,  and  more  abundant.  Ex- 
pending 5 oz.  8 dw.  6gr  of  lpirit  of  nitre,  1 colleded  600  oz. 
meafures  of  very  purl  dephlogifticated  air,  being  of  the  ftan- 
dard of  o.'2.  1 alfo  colleded  1 oz.  7 dw.  I4gr.  of  a greenifh 

acid  of  nitre,  which  emitted  copious  red  fumes.  All  the  appa- 
ratus beyond  the  hot  tube  was  filled  with  the  denfeft  red  vapour, 
and  the  water  of  the  trough  in  which  the  air  was  received  was 
fo  much  impregnated  with  it,  that  the  fmeil  was  very  ftrong  ; 
and  it  fpontaneoufly  yielded  nitrous  air  fever.al  days,  juft  as 
water  does  when  impregnated  with  nitrous  vapour.  Perceiv- 
ing the  e miifion  of  air  from  the  water,  after  it  had  flood  fome 
time,  I filled  a jar  containing  30  oz.  meafures  with  it,  and 
without  any  heat  it  yielded  two  oz.  meafures  of  the  ftrongeft 
nitrous  air. 

Taking  the  fpecific  gravity  of  the  acid  before  and  after  this 
diftillation,  the  former  was  to  the  latter  as  1471  to  1182. 
When  the  weight  of  the  air  produced  in  this  experiment,  and 
that  of  the  liquor  diftilled,  is  compared  with  that  of  the  acid 
7 before 
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before  diftillation,  it  will  appear,  that  there  muft  have  been 
a great  lots  of  acid  vapour,  which  was  either  retained  in  the 
water  of  the  trough,  or  efcaned  through  it. 

I do  not  fee  that  thefe  experiments  can  be  explained,  but  on 
the  fuppofition  that  the  moft  dephlogifticated  oil  of  vitriol  and 
fpirit  of  nitre  are,  in  a proper  fenle,  faturated  with  phlogifton  ; 
and  that  when  part  of  the  acidifying  principle  is  expelled  in 
the  form  of  the  air,  the  remainder  is  fuperfatu rated  with  it. 

To  try  whether  the  acid,  thus  fuperfaturated  with  phlo- 
gifton, was  convertible  into  pure  air  by  this  procefs,  I heated 
the  liquor  collected  after  the  diftiilation  of  the  oil  of  vitriol, 
that  is,  water  impregnated  with  vitriolic  acid  air,  and  made 
the  vapour  pafs  through  the  hot  tube,  but  no  air  came  from 
it ; and  when  collected  a fecond  time,  it  was  not  at  all  different 
from  what  it  had  been  before.  The  fpecific  gravity  was  alfo 
the  fame. 

It  is  evident,  however,  though  this  procefs  does  not  fhew  it, 
that  the  volatile  vitriolic  acid  contains  the  proper  element  of 
dephlogifticated  air;  fince  by  melting  iron  in  vitriolic  acid  air, 
a quantity  of  fixed  air  (which  is  compoled  of  inflammable  and 
dephlogifticated  air)  is  produced.  Melting  iron  in  9 oz.  mea- 
fures  of  vitriolic  acid  air,  it  was  reduced  to  0.3  oz.  meafures, 
and  of  this  o.  1 7 oz.  meafures  was  fixed  air.  I repeated  the 
experiment  with  the  fame  refult,  and  putting  the  refiduums 
together  found  the  air  to  be  inflammable. 

But  the  refult  was  fomething  different  when  I fent  through 
the  hot  tube  the  liquor  that  I had  collected  in  the  procefs  with 
fpirit  of  nitre.  No  air,  however,  was  produced  at  the  firft, 
nothing  appearing  befides  a red  vapour  that  was  wholely  abforbed 
by  water,  or  efcaped  through  it  into  the  atmofphere  ; but 
.towards  the  end  of  the  procefs  I collected  10  oz.  meafures  of 

dephlo- 
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dephlogifticated  air.  The  quantity  of  the  liquor  expended 
was  about  2 oz.  meafures.  It  may,  however,  be  prefumed, 
that  this  fmall  quantity  of  air  came  from  fome  of  the  acid 
which  efcaped  the  aftion  of  the  fire  in  the  former  procefs.  In- 
deed its  coming  at  the  laft  only  may  be  confidered  as  a proof  of 
this,  as  all  the  more  volatile  acid,  which  came  over  firft, 
yielded  no  air. 

I fubmitted  a quantity  of  fpirit  of  fait  to  both  thefe  pro- 
cefles,  viz.  expofing  it  to  a boiling  heat  in  glafs  tubes,  her- 
metically fealed,  and  making  the  vapour  pafs  through  a red 
hot  earthen  tube,  but  no  air  was  produced  in  either  cafe.  In  the 
former  cafe,  the  water  rufhed  into,  and  completely  filled,  the 
tube,  when  it  was  opened  under  water;  and  in  the  other  pro- 
cefs the  liquor  diftilled  was  precifely  of  the  fame  fpecific  gra- 
vity, and,  no  doubt,  in  all  other  refpedts,  the  fame  as  before 
diftillation ; but  the  acid  that  remained  in  the  retort  was  of 
lefs  fpecific  gravity,  in  confequence  of  the  acid  vapour  being 
expelled  by  the  heat  in  the  form  of  marine  acid  air,  which 
appeared  not  to  be  affedted  by  a red  heat. 

Though,  in  the  procefs  with  fpirit  of  fait,  the  refult  be  dif- 
ferent from  that  of  thofe  with  oil  of  vitriol  and  fpirit  of  nitre, 
yet  there  is  an  analogy  among  all  thefe  three  acids  in  this 
refpedt,  viz.  that  the  marine  and  both  the  volatile  acids  of 
vitriol  and  nitre  are  made  by  impregnating  water  with  the 
acid  vapour,  fo  that  in  its  ufual  ftate  it  may  be  faid  to  be  phlo- 
gifticated  as  well  as  thefe. 

It  was  evident  that  the  water  in  the  worm-tub  was  much 

Xt> 

more  heated  by  the  diftillation  of  the  fpirit  of  fait  than  by  that 
of  the  oil  of  vitriol,  and  efpecially  that  of  the  fpirit  of  nitre  ; fo 
that  much  of  the  heat  by  which  it  had  been  raifed  in  vapour 
muft,  in  the  latter  cafe,  have  been  latent  in  the  air  that  was 
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formed ; whereas,  in  the  other  cafe,  it  was  communicated  to 
the  water  in  the  worm- tub. 

In  one  of  the  proceffes  with  boiling  fpirit  of  fait,  in  a glafs 
tube,  hermetically  fealed,  I had  the  fame  white  vapour  danc- 
ing in  the  middle  of  the  tube  as  in  the  experiment  with  the 
oil  of  vitriol ; but  this  tube  burfl,  and  I never  had  the  fame 
appearance  again,  though  I repeated  the  experiment  feveral 
times  for  the  fake  of  it. 

The  vapour  of  dephlogifticated  marine  acid,  which  M. 
Berthollet  difcovered,  and  with  which  water  may  be  im- 
pregnated as  with  fixed  air,  being  made  to  pafs  through  the 
hot  earthen  tube,  became  dephlogifticated  air  as  in  the  follow- 
ing experiment. 

Having  poured  a quantity  of  fpirit  of  fait  upon  fome  man- 
ganefe  in  a glafs  retort,  I heated  it  as  in  the  preceding  experi- 
ments with  a proper  apparatus  both  for  receiving  the  diftilled 
liquor,  and  the  air.  I found  feven-tenths  of  the  air  was  fixed 
air,  and  the  remainder  very  pure  dephlogifticated.  The  quan- 
tity I could  not  meafure  on  account  of  one  of  the  junctures  in 
the  apparatus  giving  way ; but  I do  not  imagine  that  quite  fo 
much  pure  air  could  be  got  in  this  method  as  from  the  manga- 
nefe  itfelf  in  a direct  procefs.  The  liquor  received  in  this  dis- 
tillation refeinbled  ftrong  fpirit  of  fait  in  which  manganefe  had 
been  put. 

This  procefs  immediately  fucceeding  that  in  which  the  glafs 
tube,  joining  the  earthen  tube  and  worm-tub,  was  left  full  of 
black  matter  by  the  diflillation  of  the  alkaline  liquor  (which 
will  be  mentioned  hereafter),  the  blacknefs  prefently  vanifhed, 
and  the  tube  became  tranfparent  as  before.  On  this  account, 
however,  it  is  poffible  that  I might  receive  lefs  pure  air  than  I 
fhould  otherwife  have  done* 
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Diftilled  vinegar  fubmitted  to  this  procefs  yielded  air  two- 
thirds  of.  which  was  fixed  air,  and  the  reft  inflammable  : ex- 
pending 2 oz.  19  dw.  o gr.  of  the  acid,  I got  1 oz.  19  dw.  o gr* 
of  a liquor  which  had  a more  pungent  fmejl  than  it  had  before 
diftillation.  It  had  alfo  fome  black  matter  in  it,  and  fome  of 
the  fame  remained  at  the  bottom  of  the  retort  when  the  liquor 
was  evaporated  to  drynefs.  The  air  I received  was  90  oz« 
meafures. 

Alkaline  air  is  converted  into  inflammable  air  in  this  procefs 
as  well  as  by  the  electric  fpark,  but  by  no  means*  I think,  in 
fo  great  a degree,  I put  2 oz.  10  dw.  o gr.  of  water  pretty 
ftrongly  impregnated  with  alkaline  air  into  the  retort,  and 
heating  it,  fent  the  vapour  through  the  hot  tube  ; when  I col- 
lected 2 oz.  3 dw.  o gr.  of  liquor,  which  had  a difagreeable 
empyreumatic  fmell,  as  w^ell  as  that  of  a volatile  alkali,  and  it 
was  quite  opaque  with  a black  matter , which  fubfided  to  the 
bottom  of  the  v.eflel.  Alfo  the  tube  through  which  the  air 
and  vapour  had  been  conveyed  was  left  quite  black,  as  men- 
tioned above.  One  of  the  junctures  of  the  apparatus  not 
having  been  air-tight,  I did  not  colleCt  all  the  air,  but  it  came 
only  at  the  beginning  of  the  procefs,  and  before  the  tube  be- 
came black,  or  any  liquor  was  diftilled,  and  it  was  all  ftrongly 
inflammable. 

I (hall  now  recite  a few  experiments  of  a different  kind  from 
thofe  that  have  been  mentioned  above,  and  more  immediately 
relating  to  the  doCtrine  of  phlogifton. 

It  is  faid,  by  thofe  who  do  not  admit  the  doCtrine  of  phlo- 
gifton, that  the  metals  are  Ample  fubftances,  which,  having  a 
ftrong  affinity  to  dephlogifticated  air,  imbibe  it  when  they  be- 
come calces,  without  parting  with  any  thing.  But  that  fome- 
thing  is  really  parted  with  in  the  calcination  (as  they  will  call 
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It)  of  iron  in  dephlogifticated  air,  appears  to  me  to  be  very 
evident,  as  well  as  in  the  procefs  with  fleam. 

That  fixed  air  is  found  in  the  veflel  in  which  iron  is  melted 
In  dephlogifticated  air,  I obferved  before ; but  I never  took 
much  care  to  afcertain  the  quantity  of  it.  This  I have  lately 
done  in  many  inftances,  and  in  all  of  them  find  it  to  be  much 
more  confiderable  than  can  be  accounted  for,  by  fuppofing  it  to 
come  from  plumbago  in  the  very  fmall  quantity  of  iron  that  I 
melted ; fo  that  it  muft  neceflarily  have  been  formed  by  the  phlo- 
gifion  from  the  iron,  and  the  pure  air  in  the  veflel,  at  the  fame 
time  that  the  iron  became  finery  cinder  by  imbibing  water  from 
the  air ; and  I have  fhewn,  that  by  far  the  greateft  part  of  the 
weight  of  this  air  is  water.  The  experiments  were  made  with 
a very  good  burning  lens,  of  fixteen  inches  diameter,  with 
which  Mr.  Parker  has  generoufly  furniflied  me;  and  by 
means  of  it  I can  now  make  thefe  experiments,  which  require  a 
great  degree  of  heat,  with  much  more  eafe  and  certainty  than 
1 could  do  before. 

In  6|  oz.  meafures  of  dephlogifticated  air  I meited  turnings 
of  malleable  iron  till  there  remained  only  if  oz.  meafure,  and 
of  this  oz.  meafure  was  fixed  air.  In  6 oz.  meafures  of 
dephlogifticated  air,  of  the  ftandard  of  0.2,  I melted  iron  till 
it  was  reduced  to  two-thirds  of  an  ounce«meafure,  of  which 
one- half  was  fixed  air,  and  the  remainder  completely  phlo- 
gifticated.  Again,  I melted  iron  in  yf  oz.  meafures  of  de- 
phlogifticated air,  of  the  fame  purity  with  that  in  the  laft  ex- 
periment, when  it  was  reduced  to  1 f oz.  meafure,  and  of  this 
four-fifths  was  fixed  air,  and  the  remainder  phlogifticated.  In 
this  cafe  I carefully  weighed  the  finery  cinder  that  was  formed 
111  the  procefs,  and  found  it  to  be  nine  grains,  fo  that  the  iron 
that  had  been  meited  (being  about  two-thirds  of  this  weight) 

had 
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had  been  about  fix  grains.  I repeated  the  experiment  with 
the  fame  refult. 

When  the  dephlogifticated  air  is  more  impure,  the  quantity 
of  fixed  air  will  always  be  lefs  in  proportion.  Thus,  having 
melted  iron  in  feven  ounce  meaiures  of  dephlogifticated  air  of 
the  ftandard  of  0,65,  it  was  reduced  to  1.6  oz.  m.  ; and  of  this 
only  one-third  of  an  ounce  meafure  was  fixed  air.  This,  how- 
ever, is  much  more  than  can  come  from  the  plumbago  in  the 
iron ; but  as  the  production  of  this  fixed  air  is  by  many 
afcribed  to  this  plumbago,  it  may  be  worth  while  to  fhevv  by 
computation  that  it  is  impofiible  that  it  fhould  have  this  origin. 
Both  the  quantity  of  plumbago  in  iron,  and  the  quantity  of 
fixed  air  in  plumbago,  are  much  too  fmall  for  the  purpofe. 

From  half  an  ounce  of  the  pureft  plumbago,  I firft  got,  in  a 
coated  glafs  retort,  13  ounce-meafures  of  air,  of  which  only 
three  ounce  meafures  were  fixed  air,  the  reft  being  inflamma- 
ble ; then  putting  it  into  an  earthen  tube,  1 kept  it  feme 
hours  in  as  great  a heat  as  I could  produce,  and  got  22  oz. 
m.  more ; and  of  this  alfo  only  three  were  fixed,  and  the  reft 
inflammable,  and  the  laft  portion  was  wholly  fo. 

But  inftead  of  fuppofing  the  fixed  air  that  I got  to  be  that 
which  was  expelled  from  the  plumbago  in  the  iron,  I will 
fuppofe  that  even  the  whole  of  this  plumbago  afforded  only 
one  of  the  elements  of  the  fixed  air,  viz.  phlogifton,  or  that 
which  the  French  chemifts  call  carbone ; and  that  this  princi- 
ple, by  its  union  with  the  dephlogifticated  air  in  the  veflel, 
forms  the  fixed  air,  yet  on  this  moft  unfavourable  and  impro- 
bable fuppofition  the  quantity  will  be  found  to  be  infufficient. 

If  100  gr.  of  iron  contain,  according  to  M.  Bergman, 
0.12  gr.  of  plumbago,  7 gr.  (which  is  the  moft  that  in  any 
of  the  preceding  procefles  I converted  into,  finery  cinder)  would 
4 • contain 


298  Dr.  Priestley’s  Experiments 

contain  only  0.0084  gr.  of  plumbago;  and  if  we  fuppofe  with 
Mr.  Kirwan,  that  an  hundred  cubic  inches  of  fixed  air  con- 
tains 8.14  gr.  of  phlogifton,  the  fixed  air  produced  in  one  of 
the  above-mentioned  proceffes  (viz*  four- fifths  of  an  ounce- 
meafure)  would  contain  .032  gr.  of  phlogifton,  which  is  above 
three  times  more  than  the  plumbago  in  the  iron  could  furnifh. 
It  is  evident,  therefore,  that  the  quantity  of  fixed  air  that  I 
found  mull:  have  been  formed  by  phlogifton  from  the  iron 
uniting  with  the  dephlogifticated  air  in  the  veffel. 

If,  as  I have  inferred,  from  burning  charcoal  of  copper  in 
dephlogifticated  air  (fee  Experiment,  Vol.  VI*  p.  272.)  fixed 
air  confifts  of  3.45  parts  of  dephlogifticated  air  and  1.5  of 
phlogifton,  it  will  be  found,  that  four-fifths  of  an  ounce  mea- 
fure  of  fixed  air  will  contain  0.21  gr.  of  phlogifton,  which  is 
much  more  than  on  the  fuppofition  of  Mr.  Kirwan. 

Another  argument  againft  the  antiphlogiftic  do&rine  may  be 
drawn  from  an  experiment  which  I made  upon  Pruffian  blue; 
if  the  fmall  quantity  of  fixed  air,  that  may  be  expelled  from  it 
by  heat,  be  compared  with  the  much  greater  quantity  which 
is  produced  when  heated  in  dephlogifticated  air. 

Pruffian  blue  is  generally  faid  to  be  a calx  of  iron  fuper- 
faturated  with  phlogifton,  though  of  late  it  has  been  faid  by 
fome  that  it  has  acquired  fomething  that  is  of  the  nature  of 
an  acid * From  my  experiments  upon  it*  with  a burning  lens 
in  dephlogifticated  air,  I fhould  infer,  that  the  former  hypo- 
thefis  is  true,  except  that  the  fubftance  contains  fome  fixed  air, 
which  is  no  doubt  an  acid  ; for  much  of  the  dephlogifticated  air 
difappears,  juft  as  in  the  preceding  fimilar  procefs  with  iron. 

I threw  the  focus  of  the  burning  lens  upon  2 dw.  5 gr.  of 
Pruffian  blue  in  a veflel  of  dephlogifticated  air,  of  the  ftan- 
dard  of  0.53,  till  all  the  colour  was  difcharged.  Being  then 
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weighed,  it  was  I dw.  2 gr.  In  this  procefs  oz.  of  fixed 
air  had  been  produced,  and  what  remained  of  the  air  was  of 
the  ftandard  of  0.94.  Heating  the  brown  powder  to  which 
the  Pruffian  blue  was  reduced  in  this  experiment  in  inflamma- 
ble air,  it  imbibed  8f  oz.  m.  of  it,  and  became  of  a black 
colour  ; but  it  was  neither  attracted  by  the  magnet,  nor  was 
it  foluble  in  oil  of  vitriol  and  water,  as  I had  expedted  it 
would  have  been. 

Again,  I heated  Pruffian  blue  in  dephlogifticated  air,  of  the 
ftandard  of  0.2,  without  producing  any  fenfible  increafe  of 
its  bulk,  when  I found  three  ounce  meafures  of  it  to  be  fixed 
air,  and  the  ftandard  of  the  refiduum,  with  two  meafures  of 
nitrous  air,  was  1.35.  The  fubftance  had  loft  eleven  grains, 
the  greateft  part  of  which  was  evidently  water. 

To  determine  what  quantity  of  fixed  air  Pruffian  blue  would 
yield  by  mere  heat,  I put  half  an  ounce  of  it  into  an  earthen 
tube,  and  got  from  it  56  oz.  m.  of  air,  of  which  i6oz.  m» 
were  fixed  air,  in  the  proportion  of  one- third  in  the  firft  por- 
tion, and  one-fourth  in  the  laft.  The  remainder  was  inflam- 
mable. There  remained  5 dw.  20  gr.  of  a black  powder,  with 
a very  little  of  it  (probably  the  furface)  brown. 

Comparing  thefe  experiments,  it  will  appear,  that  the  fixed 
air  procured  by  means  of  Pruffian  blue  and  dephlogifticated  air 
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muft  have  been  formed  by  phlogifton  from  the  Pruffian  blue 
and  the  dephlogifticated  air  in  the  veflel : for  if  240  gr.  of 
this  fubftance  yield  16  oz.  meafures  of  fixed  air,  ten  grains  of 
it  (which  is  more  than  was  ufed  in  the  experiment)  would  have 
yielded  only  0.6  oz.  m.  Nor  is  it  poffible  to  account  for  the 
dilappearing  of  fo  much  dephlogifticated  air,  but  upon  the  fup^ 
pofition  of  its  being  employed  in  forming  this  fixed  air* 
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XXIV.  On  the  Production  of  nitrous  Acid  and  nitrous  Air . By 
the  Rev . Ifaac  Milner,  B.  D.  F . R . S . Prefdent  of 
Queen’s  College,  Cambridge. 

Read  July  2,  1789. 

*1.  IT  has  been  known  for  fome  time,  that  a relation  fubfifts 
A between  nitrous  acid  and  volatile  alkali.  The  latter 
has  frequently  been  produced  by  help  of  the  former ; but  I 
do  not  recoiled  that,  in  any  inftance,  the  volatile  alkali  has 
been  proved  to  contribute  to  the  formation  of  nitrous  acid  or 
nitrous  air.  Some  cafes,  however,  have  occurred  to  me  where 
this  evidently  happens ; and  they  appear  fo  new  and  extraor- 
dinary, that  I cannot  but  think  they  deferve  the  attention  of 
philofophical  chemifts.  The  hiftory  of  the  experiments  1 
allude  to  is  as  follows. 

2.  As  foon  as  I had  heard  of  the  production  of  inflammable 
air  by  the  tranfrnifiion  of  fleam  through  red-hot  iron  tubes,  I 
had  the  curiolity  to  try  whether  fome  other  fubftances  in 
the  form  of  air  or  vapour  might  not,  by  a fimilar  procefs,  un- 
dergo material  alterations.  In  particular,  the  nitrous  acid 
feemed  well  to  deferve  a trial,  both  on  account  of  the  obfeu- 
rity  and  difficulties  attending  the  theory  of  its  production,  and 
alfo  of  its  important  and  extenflve  ufefulnefs  in  chemiftry. 

In  the  relation  of  my  experiments  on  this  head,  it  will  be 
unneceffary  to  mention  the  exaCt  quantity  of  acid  or  of  air  ex- 
pended or  generated,  though  I noted  thofe  quantities  pretty 
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accurately  at  the  time;  for  the  main  point  I have  in  view  in 
this  defeription,  is  to  afeertain  the  nature  of  the  changes  which 
took  place  ; and  thefe  do  not  depend  upon  the  quantities  of 
aerial  fluids,  but  upon  their  properties.  Befides,  whoever 
(hall  repeat  thefe  experiments  will  find  the  relative  quantities 
to  vary  very  much,  according  to  the  manner  of  operating ; 
and  therefore,  for  the  fake  of  brevity,  I omit  to  mention 
them  entirely. 

3.  I began  with  boiling  a little  ftrong  nitrous  acid  in  a 
fmali  retort,  the  neck  of  which  was  clofely  luted  to  one  end 
of  a gun-barrel.  The  other  end  of  it  was  immerfed  fome- 
times  in  water,  and  fometimes  in  quickfilver,  and  eighteen  or 
twenty  inches  of  the  middle  part  was  furrounded  with  burn- 
ing charcoal  in  a proper  furnace.  In  this  manner  the  vapour 
and  fumes  of  the  boiling  acid  were  tranfmitted  through  the 
red-hot  tube,  and  the  produce  received  at  the  end  in  the  ufual 
manner. 

When  the  acid  was  made  to  boil  violently,  there  paffed  over 
a confiderable  quantity  of  undecompofed  red  nitrous  vapour, 
together  with  a mixture  of  nitrous  and  phlogifticated  airs. 

When  the  procefs  was  conduced  more  moderately,  there 
was  lefs  nitrous  vapour ; and  in  the  mixture  of  airs  which  was 
received  in  the  glafs  veffels,  there  was  a much  greater  pro- 
portion of  phlogifticated  air. 

4.  In  order  to  increafe  the  furface  of  the  red-hot  iron,  and 
effect  a more  complete  decompofition  of  the  nitrous  vapour, 
the  gun- barrel  was  crammed  full  of  iron  filings.  The  experi- 
ments were  repeated  with  great  caution,  and  almoft  the  whole 
of  the  produce  was  found  to  be  phlogifticated  air.  It  is  how- 
ever proper  to  mention,  that,  notwithftanding  every  poffible 
care,  ftill  there  will  generally  be  in  fome  degree  an  admixture 
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of  nitrous  air,  and  frequently  of  dephlogifticated  nitrous  air. 
But  I am  fatisfied  that  if  the  iron  tube  were  fufficiently  long, 
fo  that  a very  large  portion  of  it  might  be  heated  red-hot,  all 
the  air  received  in  this  manner  from  any  quantity  of  nitrous 
acid  (lowly  boiled  would  be  found  of  that  fpecies  called  phlo- 
gifticated air. 

5,  Thefe  experiments  feem  altogether  analogous  to  thofe  of 
Dr.  Priestley,  in  which  nitrous  air,  by  expofure  to  iron,  is 
converted  firft  into  dephlogifticated  nitrous  air,  and  afterwards 
into  phlogifticated  air.  The  only  difference  feems  to  be,  that 
v in  my  experiments  the  effect  is  brought  about  fuddenly ; 
whereas  in  the  method  of  expofition  to  iron  much  time  is  re- 
quired. And  farther,  in  my  method  of  operating,  it  is  very 
difficult  to  conduft  the  procefs  fo  as  to  infure  the  production  of 
that  lingular  fpecies  of  air  called  dephlogifticated  nitrous  air. 
If  the  acid  boil  very  quick,  the  produdt  is  nearly  all  nitrous 
vapour  and  nitrous  air.  If  it  boil  very  (low,  and  a fufficient 
quantity  of  the  iron  tube  be  well  heated,  then  the  decompo- 
iition  is  almoft  complete,  and  little  is  received  but  phlogifti- 
cated air.  In  both  dafes,  the  progrefs  of  the  converfion  of 
nitrous  acid  to  the  (late  of  phlogifticated  air  feems  to  be  the 
fame.  Firft,  nitrous  air  is  formed,  then  dephlogifticated  ni- 
trous air,  and  laftly  phlogifticated  air.  This,  I fay,  feems  to 
me  to  be  the  natural  order  of  the  converfion,  though  I do  not 
deny,  that  in  the  rapid  manner  of  operating  with  the  red-hot 
iron  tube  fome  particles  of  nitrous  acid  or  vapour  may  pro- 
bably be  injlantly  changed  into  phlogifticated  air.  And  even 
allowing  this  to  be  the  cafe,  the  fad  may  eafily  be  explained, 
by  fuppofing  the  fucceffive  approaches  to  phlogifticated  air  to 
be  made  in  too  fmall  fpaces  of  time  to  be  obferved ; nor  does 
it  in  the  leaft  invalidate  the  general  conclufion,  that  nitrous 
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air  is  nearer  the  ftate  of  phlogifticated  air  than  nitrous  acid  or 
nitrous  vapour;  and  that  dephiogifticated  nitrous  air  is  ftill 
nearer.  It  is  very  difficult  to  decide  with  certainty  what  the 
changes  are  which  the  particles  of  the  acid  undergo  in  their 
paffage  through  different  parts  of  the  hot  tube. 

From  what  has  been  faid,  the  mold  common  procefs  will 
probably  appear  to  be,  that  a particle  of  the  acid  in  the  form 
of  vapour  firft  generates  nitrous  air ; that  the  parts  of  this  are 
applied  to  freffi  furfaces  of  hot  iron,  and  fuddenly  changed  into 
dephiogifticated  nitrous  air;  which,  laftly,  is  applied  to  ftill 
freffi  furfaces  of  the  tube  or  fragments  of  iron,  and  fo  con- 
verted into  phlogifticated  air.  When  thefe  fucceflive  contadts 
with  freffi  furfaces  of  hot  Iron  are  not  fufficiently  numerous  or 
exadt,  it  is  not  unnaturaFto  conclude,  that  fame  portion  of  air 
may  efcape  not  perfedtly  decompofed. 

6.  Thefe  conliderations  induced  me  to  alter  the  procefs  a 
little,  Inftead  of  boiling  the  acid  in  the  retort,  I put  fome 
thin  pieces  of  copper  into  a phial,  poured  nitrous  acid  upon 
them,  and  forced  the  nitrous  air,  as  it  was  generated,  to  pafs 
through  the  red-hot  tube.  The  event  anfwered  my  expedi- 
tion ; the  decompofition  was  effedted  in  this  way  eafier  than  in 
the  former. 

But  before  I made  this  experiment,  I examined  what  would 
be  the  effedt  of  mere  heat  upon  nitrous  air,  as  I had  already 
learned  from  the  experiments  of  others,  that  nitrous  acid, 
forced  in  the  form  of  fteam  through  red-hot  tubes  of  clay  or 
glafs,  underwent  the  moft  important  alterations. 

What  might  be  the  effedt  of  long  continued  expofure  to  a 
red  heat  I cannot  fay ; but  I was  foon  convinced,  that  nitrous 
air  might  be  forced  through  a red-hot  glafs  tube,  without 
fuffering  any  material  change. 

% x % 7.  Laftly, 
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7.  Laftly,  I determined  to  try  the  effeCt  of  the  gun-barrel 
upon  depl  logifticated  nitrous  air,  as  from  all  that  I had  feen 
it  feemed  reafonable  to  expeCt,  that  this  fpecies  of  air  would 
be  the  eafieft  reduced  to  the  ftate  of  phlogifticated  air.  For 
this  purpofe,  I diluted  a faturated  folution  of  copper  in  the 
nitrous  acid,  and  put  pieces  of  iron  wire  into  it,  and  as  the 
neck  of  the  retort  which  contained  the  folution  was  luted  to 
one  end  of  the  gun-barrel,  the  dephlogifticated  nitrous  air 
was  expofed  in  its  paffage  to  the  aCtion  of  the  red-hot  tube, 
and  alfo  to  the  furfaces  of  the  red-hot  iron  turnings  which  it 
contained.  In  this  cafe,  when  the  procefs  is  conduced  with 
proper  care,  all  the  air  which  is  received  at  the  other  end  of 
the  tube  will  be  found  phlogifticated. 

8.  When  the  air  received  at  the  end  of  the  gun-barrel 
was  in  the  laft  mentioned  ftate,  viz.  perfectly  phlogifti- 
cated, I have  frequently  obferved  a white  fume  ifluing  along 
with  the  air,  and  fometimes  afcending  through  the  water  or 
mercury  into  the  glafs  receivers.  Upon  examining  this  white 
fume,  I foon  perceived  by  the  fmell  that  it  contained  volatile 
alkali.  I was  much  ftruck  with  the  obfervation,  and  imme- 
diately recolleCted  Dr.  Priestley’s  relation  of  a fimilar  pro- 
duction by  expoftng  nitrous  air  to  pieces  of  iron. 

9.  Moft  of  the  experiments  hitherto  related  were  made  in 
the  fummer  of  1786;  in  general  they  agree  with  thofe  of 
Dr.  Priestley;  the  changes  and  productions  are  much  the 
fame,  and  the  only  new  circumftance  is,  as  was  obferved  at 
art.  5.  The  fame  effeCts  are  brought  about  injlantly  by  the 
aCtion  of  red-hot  iron,  which  require  much  time  by  the  me- 
thod of  Ample  expofure  to  cold  iron. 

. For  which  reafon,  though  it  gave  me  much  pleafure  at  the 
time  to  fee  fuch  curious  tranfmutations  brought  about  in  a few 
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minutes,  yet  it  fcarcely  appeared  worth  while  to  trouble  the 
Royal  Society  with  a detail  of  the  experiments ; and  I only 
prefume  to  do  it  now',  becaufe  the  conjedlures  which  I then 
formed  have  been  fufficiently  verified  by  future  experiments. 

The  conjedlures  were  as  follow  : 

10.  Almoft  immediately  upon  feeing  the  volatile  alkali 
produced  by  means  of  nitrous  acid  and  metals,  I conceived 
the  poflibility  of  inverting  the  order  of  the  procefs,  and  of 
producing  nitrous  acid  or  nitrous  air  by  the  decompofition  of 
volatile  alkali.  I knew  of  no  experiments  wherein  this  had 
been  done,  or  any  thing  like  it ; yet  as  volatile  alkali  was 
beyond  all  difpute  produced  in  the  method  juft  defcribed,  and 
as  the  iron  turnings  and  infide  of  the  gumbarrel  were  left  after 
the  operation  in  a ftate  of  calcination,  it  feemed  not  unna- 
tural to  fuppofe,  that  by  forcing  volatile  alkali  through  the 
red-hot  calces  of  fome  of  the  metals,  nitrous  acid  or 
nitrous  air  might  be  produced.  Some  of  my  friends,  to 
whom  I mentioned  the  idea,  confidered  it  as  a random  con- 
jecture. However,  I made  a memorandum  of  it  as  a thing 
that  deferved  to  be  tried,  though  in  fad  I negleCled  for  near 
two  years  actually  to  make  the  trial.  It  was  fome  time  in  the 
month  of  March,  1788,  that  the  calx  of  manganefe  on  ac- 
count of  its  very  great  infufibility,  and  its  yielding  abundance 
of  dephlogifticated  air,  occurred  to  me  as  a very  proper  fub- 
ftance  for  the  purpofe.  I immediately  crammed  a gun-barrel 
full  of  powdered  manganefe;  and  to  one  end  of  the  tube  I 
applied  a fmall  retort,  containing  the  cauftic  volatile  alkali* 
As  foon  as  the  manganefe  was  heated  red-hot,  a lighted  can- 
dle was  placed  under  the  retort,  and  the  vapour  of  the  boiling 
volatile  alkali  forced  through  the  gun-barrel.  Symptoms  of 
nitrous  fumes  and  of  nitrous  air  foon  difeovered  themfelves, 

and 
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and  by  a little  perfeverance  I was  enabled  to  colled  confidera- 
ble quantities  of  air,  which  on  trial  proved  highly  nitrous. 
I have  fince  frequently  repeated  this  experiment,  and  have 
always  in  forne  degree  fucceeded.  Much  depends  on  the  kind 
of  manganefe  employed,  much  on  the  heat  of  the  furnace, 
and  much  on  the  patience  of  the  operator ; as  thefe  are  va- 
ried, there  will  be  great  variations  of  the  products.  A minute 
detail  of  all  the  particulars  of  my  experiments  feems  unne- 
eeffary  ; but  it  may  be  proper  to  give  a general  account  of  the 
principal  fads,  and  of  the  methods  which  were  ufed  to  avoid 
erroneous  conclufions. 

ii.  In  general  I made  ufe  of  clean  gun-barrels  with  which 
no  previous  experiments  had  been  made.  The  manganefe 
was  ufed  in  rough  powder ; for  when  it  is  too  finely  pow- 
dered, the  tube  is  choaked,  and  the  air  cannot  pafs. 

In  fome  experiments  I applied  the  vapour  of  the  volatile 
alkali  diredly  to  the  hot  manganefe.  In  others  I fuffered 
the  manganefe  to  remain  a confiderable  time  in  a red  heat 
before  I made  the  volatile  alkali,  contained  in  the  retort  at  the 
end  of  the  tube,  to  boil;  and  by  this  means  I informed  my- 
felf  of  the  nature  of  the  airs  which  the  manganefe  yielded 
per  fe. 

In  neither  cafe  could  I ever  perceive  the  leaft  appearance  of 

? 

nitrous  acid  or  nitrous  air  till  the  volatile  alkali  was  ufed. 
Manganefe,  per  fe , gives  airs  of  different  kinds  (but  chiefly 
fixed  and  dephlogifticated  airs)  as  foon  as  ever  it  is  fubjefted 
to  a confiderable  heat ; but  nothing  nitrous  comes  from  it, 
either  on  the  firft  application  of  heat,  or  after  it  has  been  con- 
tinued a long  time  ; and  I examined  this  point  with  great  dili- 
gence. But  foon  after  the  volatile  alkali  begins  to  be  applied, 
the  jars  in  which  the  air  is  received  will  frequently  turn 
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{lightly  red,  and  this  rednefs  will  increafe  on  admitting  atmo- 
fpherical  air. 

The  cauftic  alkali  fhould  be  ftrong,  and  as  far  as  I have  ob- 
ferved  the  longer  the  procefs  is  continued,  the  ftronger  will 
be  the  nitrous  air  produced.  At  lead  this  evidently  appeared 
to  be  the  cafe  in  feveral  inftances,  where  the  operation  was 
continued  for  a long  time. 

In  moft  inftances,  on  the  very  commencement  of  this  pro- 
cefs,  afmall  jar  ot  the  air  thus  collected  difcovers  by  the  Jmell 
a nitrous  impregnation.  But  it  fometimes  happens,  that  feve- 
ral j ars  of  air  may  be  collected,  and  the  admiffion  of  atmc- 
Ipherical  air  to  them  will  not  produce  a fenfibly  red  colour. 

Here,  however,  there  exifts  a caufe  of  deception  againft 
which  the  operator  ought  to  be  on  his  guard,  left  he  fhould 
conclude  that  no  nitrous  air  is  formed,  when  in  reality  there  is 
a confiderable  quantity.  The  volatile  alkali,  notwithftanding 
every  precaution,  will  frequently  pafs  over  in  great  quantities 
undecompofed.  If  the  receivers  are  filled  with  water,  a great 
part  of  this  will  indeed  be  prefently  abforbed;  but  ftill  fome 
portions  of  it  will  mix  with  the  nitrous  air  formed  by  the  pro- 
cefs. Upon  admitting  the  atmofpherical  air,  the  nitrous  air  is 
decompofed,  and  the  red  nitrous  fumes  inftantly  combine  with 
the  volatile  alkali.  The  receivers  are  prefently  filled  with 
white  clouds  of  nitrous  ammoniac ; and  in  this  manner  a 
wrong  conclufion  may  eafily  be  drawn,  from  the  want  of  the 
orange  colour  of  the  nitrous  fumes.  A confiderable  quantity 
of  nitrous  air  may  have  been  formed,  and  yet  no  orange 
colour  appear,  owing  to  this  circumftance ; and  therefore  it  is 
eafy  to  underftand  how  a fmall  quantity  of  nitrous  air  may  be 
moft  effe&ually  difguifed  by  the  fame  caufe. 
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12.  Thefe  obfervations  are  made  principally  for  the  fake  of 
thofe  who  may  wifh  to  repeat  thefe  experiments.  The  main 
point  to  be  eftablhhed,  is  the  adtual  formation  of  nitrous  air 
by  this  method.  And  this  truth  I confider  as  proved  beyond 
all  controverly  ; for  by  continuing  the  procefs  patiently,  and 
applying  repeatedly  frefh  portions  of  ftrong  volatile  alkali  to 
the  fame  manganefe,  kept  Conftantly  hot  in  the  gun-barrel,  I 
have  often  collected  large  jars  of  air,  which  was  proved  to  be 
highly  nitrous  by  mixture  with  atmofpherical  or  with  dephlo- 
giiticated  air. 

13.  It  is  not  eafy  to  fay,  whether  in  this  procefs  dephlo- 
gifticated  nitrous  air,  or  even  nitrous  acid  itfelf,  be  not  fome- 
times  immediately  formed  by  the  aftion  of  the  volatile  alkali 
on  the  manganefe.  Traces  of  the  former,  in  fome  inftances, 
feem  to  difcover  themfelves;  but  I do  not  fpeak  decidedly  on 
th  is  head.  As  to  the  latter,  it  is  very  certain,  that  fumes  of 
the  nitrous  acid  often  circulate  in  the  jars  that  receive  the  air. 
But  poflibly  thefe  fumes  may  arife  from  the  decompofition  of 

4 nitrous  air,  by  means  of  the  fuperfluous  dephlogifticated  air 
of  the  manganefe. 

14.  The  fteam  of  boiling  water  was  applied  to  red  hot  man- 
ganefe in  a fimilar  way  ; not  the  leaf!:  nitrous  appearance;  but 
the  fixed  and  dephlogifticated  airs  were  generated  much  more 
plentifully  than  when  the  manganefe  was  urged  by  mere  heat. 
When  thefe  airs  had  been  collected  in  large  quantities,  the 
volatile  alkali  was  applied  as  before  to  the  refiduum  of  the 
xnanganefe,  and  nitrous  air  foon  appeared. 

15.  As  manganefe  is  known  to  produce  a very  extraordinary 
change  upon  fpirit  of  fait  in  a moderate  heat,  it  feemed  not 
improbable,  that  a ftill  greater  change  might  take  place  by 
working  in  this  method.  Accordingly  I forced  the  vapour  of 
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boiling  fpirit  of  fait  to  pafs  through  red-hot  manganefe.  This 
experiment  did  not  anfwer  my  expectation  ; the  produd  was  a 
mixture  of  fixed  and  inflammable  air.  But  it  deferves  to  be 
noticed,  that  even  in  this  cafe,  after  the  effed  of  the  fpirit  of 
fait  had  been  tried  for  a long  time,  a produdion  of  nitrous  air 
upon  the  application  of  volatile  alkali  to  the  fame  manganefe 
foon  took  place. 

1 6.  As  there  are  many  other  fubftances  befides  the  calx  of 
manganefe,  which  are  known,  per  Jt\  to  afford  dephlogifti- 
cated  air,  or  a mixture  of  this  with  fixed  air,  it  was  natural  to 
conclude  from  analogy,  that  fiich  fubftances  upon  the  applica- 
tion of  volatile  alkali  would  not  fail  to  afford  nitrous  air. 

It  is  beft,  however,  in  thefe  matters  to  truft  as  little  as  pof- 
fible  to  conjedures,  and  to  bring  every  opinion  to  the  teft  of 
experiment.  Manganefe  is  fo  lingular  a fubftance,  that  it  is 
perhaps  hardly  fafe,  from  what  happens  in  making  trials  with 
it,  to  infer  in  any  inftance  of  another  calx  of  a metal  a fimi- 
larity  of  effed.  Red  lead,  however,  is  known  to  agree  in 
fuch  a variety  of  chemical  effeds  with  manganefe,  that  I find 
it  difficult  to  perfuade  myfelf  that  the  volatile  alkali  properly 
applied  to  it  would  not  yield  nitrons  acid  or  nitrous  air* 
yet  I have  hitherto  in  vain  attempted  to  bring  this  about.  The 
red  lead,  indeed,  melts  during  the  prccefs,  flows  into  the 
cooler  parts  of  the  tube,  and  often  choaks  the  paffage  of  the 
air;  but  in  fome  trials  a great  deal  of  air  has  been  collected 
before  that  happened,  and  without  any  fymptom  of  a nitrous 
mixture.  It  feems  difficult  to  explain  the  reafon  of  the  failure  ; 
perhaps  with  a better  adapted  apparatus,  and  more  perfeve- 
rance,  either  the  produdion  in  queftion  may  be  obtained,  or 
the  caufe  of  the  failure  difcovered. 
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ip.  With  calcined  green  vitriol  I had  much  better  fuccefs. 
The  fait  was  calcined  to  whitenefs,  and  put  into  a gun-barrel ; 
and,  after  feveral  trials  of  forcing  the  volatile  alkali  through 
the  hot  tube,  I procured  by  the  operation  fome  ounces  of 
ftrong  nitrous  air. 

So  extraordinary  an  effect  would  no  doubt  have  proved 
highly  grateful  to  the  ancient  chemifts,  and  have  been  by  them 
denominated  a tranfmutation. 

In  the  courfe  of  my  enquiries,  I confidered  this  experiment 
as  important,  becaufe  it  proved,  that  the  fame  combinations 
might  take  place  when  fubftances  were  made  ufe  of  different 
from  manganefe. 

1 8.  As  calcined  green  vitriol,  per  fe , in  a ftrong  heat  yields 
dephlogiflicated  air,  I had  now  no  doubt  but  that  any  fub- 
ftance  which  had  this  property  might,  by  fimilar  treatment, 
be  made  to  afford  nitrous  air. 

But  in  this  fuppofition  I was  entirely  miftaken.  The  vola- 
tile alkali  was  applied  to  fome  calcined  alum  at  the  moment 
when  it  was  yielding  in  a ftrong  heat  plenty  of  dephlogifli- 
cated air.  The  product  was  an  aftonifhing  quantity  of  in- 
flammable air,  mixed  with  hepatic  air  and  adtual  fulphur.  The 
refidu-um  of  the  alum  had  a ftrong  hepatic  fmell,  and  contained 
particles  of  perfectly  formed  fulphur. 

Mo  ft  of  thefe  experiments,  if  not  all,  were  repeated  in 
earthen  tubes  inftead  of  gun-barrels,  and  with  the  fame 
fuecefs. 

19.  It  now  only  remains,  that  I fhould  briefly  propofe  what 
occurs  to  me  as  the  probable  theory  and  explanation  of  the 
facts  related. 

The  ingredients  which  enter  into  the  composition  of  ni- 
trous acid  leem  to  be  the  two  principles  or  elements  of  the  atmo- 
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fphere,  viz.  phlogifticated  and  dephlogifticated  air.  That  tliis 
is  the  cafe,  there  feems  little  reafon  to  doubt.  Both  the  com- 
pofition  and  decompofttion  of  nitrous  acid  renders  the  fuppofi- 
tion  probable.  For, 

1.  Nitrous  air  and  dephlogifticated  air  by  mixture  produce 
nitrous  acid ; and  nitrous  acid,  by  mere  heat,  is  converted  into 
a mixture  of  phlogifticated  and  dephlogifticated  airs. 

2.  Nitrous  air,  by  the  methods  already  related,  is  changed 
into  phlogifticated  air,  and  thefe  methods  feem  to  confift  in 
abftradiing  from  the  nitrous  air  a quantity  of  dephlogifticated 
air. 

3.  When  nitrous  acid  and  nitre  are  produced  in  a natural 
way,  the  procefs  is  not  well  underftood  ; but  the  prefence  of 
the  atmofphere  is  known  to  be  neceflary. 

4.  Mr,  Cavendish’s  experiment  is  decifive  on  this  point. 
The  union  of  the  two  airs  in  queftion  is  effedled  by  means  of 
the  eledlrical  fpark,  and  nitrous  acid  is  the  product. 

In  the  next  place  we  are  to  confider,  that  volatile  alkali 
contains  phlogifticated  air  ; for, 

1.  Volatile  alkali,  by  mere  heat,  or  by  the  eledtrical  fpark, 
is  changed  into  a mixture  of  phlogifticated  and  inflammable 
air;  and, 

2.  The  reftduum  of  volatile  alkaline  air,  after  the  calces  of 
lead  have  been  revived  in  it,  is  phlogifticated  air. 

Therefore,  when  volatile  alkali,  in  the  form  of  fume  or  air, 
is  applied  to  red-hot  manganefe,  or  calcined  green  vitriol  (fub- 
ftances  which  are  then  yielding  dephlogifticated  air),  with 
thefe  fails  in  view,  it  feems  not  difficult  to  conceive,  that  one 
of  the  ingredients  of  the  alkali,  viz.  phlogifticated  air,  (hould 
combine  with  dephlogifticated  air,  and  form  nitrous  acid  or 
nitrous  air.  If  nitrous  acid  be  formed,  it  will  indeed  in  that 
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heat,  as  has  been  obferved,  be  inftantly  decompofed  ; but  if 
the  effeCt*  of  the  union  be  nitrous  air,  that  will  fuftain  the  heat 
without  decompofttion.  How  it  happens,  that  nitrous  air  fliould 
be  formed,  and  not  nitrous  acid,  or  what  the  reafon  is,  that 
nitrous  air  can  fuftain  a red  heat  without  decompoiition, 
when  nitrous  acid  cannot,  1 am  unable  to  lay  ; and  it  is  better 
to  acknowledge  our  ignorance  than  advance  groundlefs  con- 
jectures. So  much,  I think,  may  be  pronounced  as  certain, 
viz.  that  nitrous  air  contains  lefs  dephlogifticated  air  than  ni- 
trous acid;  becaufe  it  requires  the  addition  of  dephlogifticated 
air  to  become  nitrous  acid. 

And,  laftly,  if  I miftake  not,  the  experiment  with  the  cal- 
cined alum  proves,  that,  in  order  to  produce  nitrous  air,  it  is 
not  fufficient  merely  to  apply  volatile  alkaline  air  to  a fab- 
fiance  which  is  adually  yielding  dephlogifticated  air. 

Perhaps  the  prefence  of  another  fubftance  is  required,  which 
has  a ftrong  attraction  for  phlogifton.  Perhaps,  in  the  experi- 
ments with  the  calces  of  manganefe  and  of  iron,  the  inflam- 
mable principle  of  the  volatile  alkali  combines  with  the  calces 
of  the  metals,  and  the  phlogifticated  air,  the  other  component 
part,  unites  with  the  dephlogifticated  air;  and  if  fo,  it  feerrts 
not  improbable  to  iuppofe,  that  when  alum  is  made  ufe  of, 
the  inflammable  principle  of  the  volatile  alkali  having  little  or 
no  attraClion  for  clay,  the  bafts  of  the  alum,  ftiould  combine 
with  its  acid  and  form  fulphur.  If  this  reafoning  be  true, 
then  it  follows,  that  the  vitriolic  acid  has  a ftronger  affinity  to 
the  inflammable  principle  than  it  has  to  phlogifticated  air  ; and 
the  procefs  with  the  green  vitriol  and  manganefe  is  to  be  ex- 
plained by  the  operation  of  a double  affinity  : the  inflammable 
principle  of  the  volatile  alkali  joins  with  the  calx  of  iron,  the 
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bafis  of  the  vitriol,  or  with  the  manganefe,  and  the  phlogifti- 
cated  air  with  the  dephlogifticated  air  produced  by  the  acid  in 
the  red  heat, 

Thofe  who  chufe  to  reject  the  do&rine  of  phiogifton  mu  ft 
make  the  neceffary  alteration  in  thefe  expreffions;  but  the 
reafoning  will  be  much  the  fame. 
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A Model  in  Wood  of  the  fame,  with  four 
fridtion  Wheels,  when  the  Weight  is  great. 

A Model  of  a Marine  Barometer  Tube. 

Meteorological  Diary,  kept  at  Madras,  from 
Feb*  18,  to  Sept.  30,  1787.  MS.  40 

Perfpedtive  View  of  the  Font  in  the  Church  of 
Worlingworth,  in  the  County  of  Suffolk, 
drawn  by  N.  Revet t,  engraved  by  G.  Ver- 
tue.  1753. 

Rede  bey  der  Gedachtnifsfeyer  Hevelii  den 
28  Jan.  1787,  gehalten  von  E.  P.  Blech. 
Dantzig.  40 

Dec.  11.  Florae  Cantabrigienfi  Supplementum  alterum, 
Audtore  R,  Relhan.  Cantabrigiae,  1788. 

8° 

18.  Supplement  a.  l’Edition  in  folio  des  Oeuvres 
de  M.  Perronet.  Paris,  1789.  fol. 

Commentarii  de  Rebus  in  Scientia  Naturali 
et  Medicina  geftis.  Vol.  XXIX.  Lipfiae, 
1787.  8° 

1789. 

Jan.  8.  Tabula  exhibens  crania  Rhinocerotis  Africa*, 
et  Rhinocerotis  Afire,  1787. 

An  Account  of  the  Pelew  Iflands,  compofed 
from  the  Journals  of  Capt.  Henry  Wilfon 
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1789. 


Prefents. 


and  feme  of  his  Officers,  by  G.  Keate* 

4° 

Vol.  IX. 


London,  1788. 

Jan.  8.  The  London  Medical  Journal. 

London,  1788.  8° 

Defcription  des  Gites  de  Mineral  et  des 
Bouches  a Feu  de  la  France.  3me  et  4me 
Partie.  Paris,  1789.  40 

An  Effay  on  the  Recovery  of  the  apparently 
dead,  by  C.  Kite.  London,  1788.  8° 

Ijj.  An  Effay  on  the  Fradlure  of  the  Patella  or 
Knee-pan,  by  John  Sheldon.  London, 
1 789..  8° 

22.  Method  to  difeover  the  Difference  of  the 
Earth’s  Diameters,  by  T,  Williams.  Lon- 
don, 1788.  8° 

29.  Decouverte  d’une  Methode  ,peu  couteufe, 
efficace  et  affuree  de  traiter  tous  les 
Homme s decedes,  afin  de  rappeler  a la 
Vie  ceux  qui  ne  font  morts  qiPen  appa* 
rence,  par  J.  G.  C.  A.  Baron  de  Hupfch. 
Cologne,  1789.  8° 

Enquiry  in  the  Firft  and  general  Principles  of 
Animal  and  vegetable  Life,  by  R.  Harring- 
ton. London,  1781.  8° 

Thoughts  on  the  Properties  and  Formation  of 
the  different  Kinds  of  Air.  London,  1785, 

, 8° 
A Letter  endeavouring  to  prove,  that  the 
newly  adopted  Opinions  of  inflammable  and 
dephlogifticated  Airs  forming  Water,  and 
the  Acids  being  compounded  of  the  different 
Kinds  of  Air,  are  fallacious,  by  R.  Har- 
rington. London,  1788.  8° 

Feb.  5.  Abftradts  from  a Meteorological  Regifter,  kept 
in  Hudfon’s  Bay,  from  October,  1784,  to 
July.  1788,  MS.  40 

Aftronomifches  Jahrbuch  fiir  das  jahr  179' , 
von  J.  E.  Bode.  Berlin,  1788.  8° 

12.  A fhort  Appendix  to  Dr.  Monro’s  Treatife  on 
Medical  and  Pharmaceutical  Chemiffry. 
London,  1789.  8° 

A Meteorological  Journal  of  the  Year  1 7 S8, 
kept  in  Pater-nofter-Row.  London,  by 
W.  Bent.  1 4° 
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1)89. 

Feb.  19.  II  Mercurio  Italico,  Ge'nnajo,  1789.  Lon- 
don. 8J 

A Regifler  of  the  Barometer,  Thermometer, 
Hygrometer,  Rain,  Dew,  Evaporation, 
Wind,  and  Appearance  of  the  Sky,  at 
Gravefend,  in  Kent,  for  the  Years  1787 
and  1788,  MS.  fol. ; with  a Chart  of 
Meteorology  for  the  Year  1788. 

March  5.  The  Preface  to  a Specimen  of  a general 
Aflronomical  Catalogue,  arranged  in  Zones 
of  North  Polar  Diflance,  by  F.  Wollaflon. 
London,  1789.  8° 

Chronological  Tables  of  the  High  Sheriffs  of 
the  County  of  Lincoln.  London,  1779.  40 
12.  A Syflem  of  Hydroflatics,  by  T.  Parkinfon. 
Cambridge,  1789.  40 

April  2.  A Treatife  of  the  Materia  Medica.  2 vols. 

Edinburgh,  1789.  40 

30.  Memoires  de  PAcademie  Imperiale  et  Royale 
des  Sciences  et  Belles  Lettres  de  Bruxelles. 
Tome  V.  Bruxelles,  1788.  40 

Memoirs  of  the  Medical  Society  of  London. 

Vol.  II.  London,  1789.  8° 

A General  Hiflory  of  Mufic,  by  C.  Burney. 

Vol.  III.  and  IV.  London,  1789.  40 

Reliquiae  Rudbeckianae,  cura  J.  E.  Smith. 

Londini,  1789.  fol. 

II  Mercurio  Italico.  Febraio  e Marzo,- 1789. 
London.  8° 

May  7*  Hiftoire  de  PAcademie  Royale  des  Sciences, 
annee  1786.  Paris,  1788.  40 

Meteorological  Account  of  the  Weather  at 
Madras,  from  June  I,  1787,  to  May  31, 
1788.  Madras,  1788.  40 

Codex DiplomaticusSiciliae  ab  a.  827  ad  1072, 
cura  Alph,  Airoldi,  Tom.  I.  Panormi, 
1788*  fol. 

The  Hiflory  and  Antiquities  of  Newcaflle 
upon  Tyne,  by  J.  Brand.  2 Vols.  Lon- 
don, 1789.  40 

Hilloire  Naturelle  du  Jorat,  et  de  fes  Envi- 
rons, par  Mi  le  C.  G.  de  Razoumowfky. 
Tomes  II.  Laufanne,  1789.  8° 
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17S9. 

May  7.  Lettre  contenant  la  Defcription  des  frottoirs 
Ele&riques  d’une  nouvelle  Conftrublion. 
Harlem,  1789.  40 

14.  Original  Letters  written  during  the  Reigns  of 
Henry  VI.  Edward  IV.  and  Richard  III. 
publifhed  by  Sir  John  Fenn.  Vol.  III.  and 
IV.  London,  1789.  40 

Lettre  au  Do&eur  Maty,  par  l’Abbe  Coyer. 
Bruxelles,  1767^  12° 

21.  Experiences  fur  les  Vegetaux,  par  J.  Ingen- 
houfz.  Tome  II.  Paris,  1789.  8° 

Traite  des  Principales  Maladies  externes  et 
internes,  par  J.  F.  de  Herrenfchwand. 
Berne,  1788.  40 

Memoires  fur  l’Agricultufe  du  Boulonnois. 

Boulogne,  1784.  8° 

A Portrait  of  the  late  Sir  William  Watfon, 
Knt.  M.  D.  V.  P.  R.  S.  painted  by  Abbot. 
28.  A new  Englifh  Tranflation  of  the  Pentateuch, 
by  Ifaac  Dalgado-  London,  1789.  40 

De  la  Liberte  de  Commerce.  Beauvais, 
1789.  8° 

June  JI.  Britannia,  by  W.  Camden,  tranflated  and 
enlarged,  by  R.  Gough.  London,  1789. 
3V0L.  fol. 

ElTai  fur  la  Montagne  falifere  du  Governe- 
ment  d’Aigle  dans  le  Canton  de  Berne,  par 
F.  S.  Wild.  Geneve,  1788.  8° 

The  Coach  of  Safety.  Two  coloured  Plates, 
with  a printed  Account  of  it. 

18.  J.  Gaertner  de  fru&ibus  et  ferainibus  Plan- 
tarum.  Stutgardiae,  1788.  40 

July  2.  A View  of  the  Reign  of  Frederick  II.  of 
Pruffia,  by  J.  Gillies.  London,  1789.  8° 
Letters  from  Barbary,  France,  Spain,  Por- 
tugal, &c.  by  an  Englifh  Officer.  2 Vols. 
London,  1788.  8° 

Vitae  antiquae  Sanbtorum  qui  habitaverunt  in  ea 
parte  Britannniae  nunc  vocata  Scotia  vel  in 
ejus  infulis ; edidit  J.  Pinkerton.  Londini, 
1789.  8° 

The  Hiftory  and  Antiquities  of  Canonbury- 
houfe,  at  Iflington,  by  J.  Nichols.  Lon- 
don, 1789.  40 
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1789. 

July  2.  Voyage  a la  Nitriere  naturelle  qui  fe  trouve  a Profeflor  Zimmerman, 
Molfetta  en  Pouille,  par  M.  Zimmerman.  of  Brunfwick. 

Paris,  1789.  8° 

J.  Churchman’s  Addrefs  in  Support  of  the  Mr,  John  Churchman. 
Principles  of  the  Magnetic  Variation,  and 
their  applications  in  determining  the  Lon- 
gitude at  Sea,  fol. 
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INDEX 

TO  THE 

SEVENTY-NINTH  VOLUME 

OF  THE 

P H I L O S O P H I CAL  TRAN  SAC  TIONS. 

V . . . • 

A,. 

ACCOUNT  of  a bituminous  lake  or  plain,  in  the  ifland  of  Trinidad,  p,  6 ,7*- 
Account  of  a particular  change  of  ftru&ure  in  the  human  ovarium,  p.  71.  Account 
of  a monfter  of  the  human  ipecies,  p.  157*  Account  of  a finking-in  of  the  ground 
near  Ketton,  in  Rutland,  p.  164. 

' Acid)  nitrous.  A red  heat  not  necelTary  to  the  converfion  of  nitrous  acid  into  pure  air, 
p.  147.  Volatile  vitriolic  acid  contains  the  proper  element  of  dephlogifticated  air,  p. 
292.  Pruffian  blue  fuppofed  to  have  acquired  fomething  that  is  of  the  nature  of  an 
acid,  p.  298.  Experiments  on  the  produ&ion  of  nitrous  acid  and  nitrous  air,  p. 
300.  A relation  fubfifls  between  nitrous  acid  and  volatile  alkali,  ibid.  Nitrous  acid 
produced  by  a mixture  of  nitrous  air  and  dephlogifticated  air,  p.  3 n.  Vitriolic  acid 
fuppofed  to  have  a ftronger  affinity  to  the  inflammable  principle  than  it  has  to  phlo- 
gifticated  air,  p.  312. 

AHion  of  points  in  ele&ricity,  experiments  on,  pp.  278,  281. 

Air%  inflammable  or  dephlogifticated,  when  either  of  them  is  extra&ed  from  any  fub» 
Ranee  incontad  with  the  other  kind  of  air,  fo  that  one  of  them  is  made  to  unite  with 
the  other  in  what  may  be  called  its  na[mtjtate}  the  refult  will  be  find  air ; but  if  both* 
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<of  them  be  completely  formed  before  their  union,  the  refult  will  be  nitrous  acid,  p.  li. 
Ail  inflammable  air,  according  to  the  antiphlogiftic  hypothecs,  comes  from  water 
only,  ibid.  A final!  quantity  of  inflammable  air  is  procured,  by  fending  a fleam  over 
melted  fulphur,  p.  15.  Inflammable  air  produced  by  a diflolution  of  iron  in  diluted 
vitriolic  acid,  ibid.  Vitriolic  acid  air  contains  the  fame  inflammable  principle  with 
inflammable  air,  p.  16.  Nitrous  air,  when  mixed  with  dephlogifticated  air,  has  no 
tendency  to  produce  phlogifticated  air,  p.  149.  Nitrous  air  has  no  effedt  on  phlo- 
gifticated air,  ibid.  Nitrous  air  does  not  contain  fo  much  phlogifton  as  an  equal  bulk 
of  inflammable  air,  p.  150.  Alkaline  air  converted  into  inflammable  air,  p.  29$. 
Nitrous  air  and  dephlogifticatpd  air  by  mixture  produce  nitrous  acid;  and  nitrous 
air,  by  mere  heat,  is  converted  into  a mixture  of  phlogifticated  and  dephlogifticated 
airs,  .p«  309.  Nitrous  air  changed  into  phlogifticated  air,  by  abftradling  from  the 
nitrous  air  a quantity  of  dephlogifticated  air,  ibid.  The  reliduum  of  volatile  alkaline 
air,  after  the  calces  of  lead  have  been  revived  in  it,  is  phlogifticated  air,  p.  311. 
The  vitriolic  acid  fuppofed  to  have  2 ftronger  affinity  to  the  inflammable  principle 
than  it  has  to  phlogifticated  air,  p.  312. 

.Alkali,  volatile,  changed  into  a mixture  of  phlogifticated  and  inflammable  air  by  mere 
heat,  p.  311. 

Almanack,  nautical,  the  moft  perfect  work  of  the  kind,  p.  60. 

Altitude.  See  Quadrant  of  Altitude . 

Amphibia,  a clafs  of  animals  fo  called  by  Linnaeus,  p.  21.  Obfervations  on  this  clafs, 
ibid.  Linnaeus  particularly  unfortunate  in  the  con ftrudtion  of  this  clafs,  ibid.  Am- 
phibia Nantes  not  furnifhed  with  lungs,  ibid. 

Anderfon , Alexander,  on  a bituminous  lake  in  the  Ifland  of  Trinidad,  p.  63. 

AJfam,  a country  bordering  on,  and  much  connected  with,  Thibet,  p.  107. 

Attraction,  law  of.  See  Problems. . 

Azimuth . See  Quadrant  of  Altitude . 

B. 

/ 

Bahar,  the  country  adjacent,  highly  injurious  to  European  conftitutions,  p.  8o« 

Baillie,  Matthew,  on  a particular  change  of  ftrudture  in  the  human  ovarium,  p.  71.  See 
Ovarium , alio  Ovaria . 

Balls  in  eledtricity,  a variety  of,  unneceflary,  p.  280. 

Barker , Thomas,  Efq.  Abftradt  of  a regifter  for  the  year  1788,  of  the  barometer, 
thermometer,  and  rain,  at  Lyndon  in  Rutland.  Alfo  of  the  rain  in  Hampfhire  and 

Surrey,  p.  '$62. 

Barometer,  ftate  of,  at  London  during  the  year  1788,  p.  114 — 138. 

Borer , deftrudtive  to  fnips,  p.  68. 

Boutan  and  Thibet,  fome  account  of  the  vegetable  and  mineral  productions  of,  p.  79- 

M>-ay  (La).  See  Tar»laki% 

Buxaduar 9 
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Buxaduar , many  of  the  plants  peculiar  to  Bengal  require  nurfing  at,  p.  80.  Buxaduar 
unhealthy  to  Grangers  from  May  till  September,  p.  81.  State  of  the  thermometer 
there,  ibid.  Several  excellent  fprings  of  water  in  its  neighbourhood,  ibid. 

C. 

Cbalu,  three  fprings  difcovered  near  this  place,  forcing  their  way  through  the  ground, 
with  violence,  and  giving  rife  to  a lake  many  miles  in  extent,  well-ftored  with  water- 
fowl and  excellent  filh,  p.  92.  The  water  of  the  lake  impregnated  with  alum  and 
felenetic  earth,  p.  93.  The  productions  of  Chalu,  ibid. 

Chepta,  its  fituation  and  productions,  p.  84.  Here  are  feveral  fprings,  and  one  (lightly 
impregnated  with  iron,  ibid.  Between  Chepta  and  Pagha,  a mineral  well,  firongly 
impregnated  with  iron,  difcovered  by  Mr.  Saunders,  ibid.  State  of  the  thermo- 
meter  at  Chepta,  ibid. 

Chooka , two  mineral  wells  (lightly  impregnated  with  iron,  difcovered  by  Mr.  Saunders 
near,  p.  83.  Natives  of  Chooka  not  unacquainted  with  the  method  of  extracting 
iron  from  the  (tones,  but  defpife  its  ufe  in  building,  ibid. 

Cold,  artificial,  experiments  relating  to  the  production  of,  p.  199, 

Coluber  lauticaudatus,  a fpecies  of  venomous  ferpents,  the  fangs  of  which  are  as  fmall 
as  common  teeth,  p.  30. 

Comet,  obfervations  on,  p.  15 1.  Its  fituation,  p.  152. 

« 

D; 

Batura  ferox,  or  Thorn-apple,  ufed  medicinally  in  China  and  Ibme  parts  of  Thibet*, 
p.  89.  A powerful  narcotic,  ibid. 

Dog . See  Letter . 

Duma,  productions  of,  p,  92,  State  of  the  thermometer  at,  ibid. 

Dukaigua , (late  of  the  thermometer  at,  foil,  and  productions  of,  p»  90.  Here  are  many 
fprings  (lightly,  impregnated  with  a felenetic  earth,  ibid. 

E. 

Barth,  and  other  planets  of  the  Copernican  fyftem,  are  bodies  not  luminous  in  them- 
felves,  p.  213. 

Eelipfe . See  Sun. 

Elettricity,  experiments  and  obfervations  on,  p.  265.  On. the  excitation  of  electricity, 
ibid.  Plate  machines  do  not  colleCt  more  electricity  than  cylinders  do  with  half  the 
rubbed  furface,  p.  269.  The  line  of  light  on  a cylinder  departing  from  a limple 
cufhion  confifts  of  returning  eJeClric/ty,  p.  273.  The  projecting  part  of  the  cufhion 
compenfates  the  electricity  upon  the  cylinder,  and  by  diminifhing  its  intenfity  prevents 
its  (hiking  back  in  fuch  large  quantities  as  it  otherwife  would  do,  ibid.  The  method 
of  producing  confiderable  intenfity,  ibid.  The  aCtion  of  the  cylinder,  by  a fimple 
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‘Cufnion  or  the  hand,  was  firil  improved  by  the  addition  of  a leathern  flap;  then  by 
•moiftenirig  the  rubber;  afterwards  by  applying  the  amalgam;  and,  laftly,  by  the 
addition  of  a fiik  hap,  p.  278.  Experiments  on  the  luminous  appearance  of  eleblri- 
city  and  the  abtion  of  points,  ibid.  The  efcapc  of  negative  elebtricity  from  a bail 
attended  with  the  appearance  of  ftrait  fharp  fparks  with  a hoarfe  or  chirping  noife, 
pp.  278,  279.  A variety  of  bails  in  electricity  unneceflary,  p.  280.  Volta’s 
opinion,  that  a point  is  the  coating  to  an  infinitely  fmall  plate  of  air,  erroneous,  p. 
281.  In  any  elebtrifled  conductor  the  tranfltion  or  efcape  of  electricity  will  be  made 
chiefly  from  that  part  of  the  furface  which  is  the  moil  remote  from  the  natural  flate, 
p.  282.  Thicker  glaffes  require  much  lefs  electricity  to  produce  an  intenfity  which 
breaks  them  than  thinner  do,  p.  284.  The  perforation  of  glafs  by  the  long  fpark,  or 
by  the  fpark  through  oil  or  cement,  fuppofed  to  depend  on  the  intenfity  of  theele&ri- 
city,  which  has  not  time  to  diffufe  itfelf,  but  charges  a minute  part  of  the  furface 
very  high,  p.  285.  Mufcovy  talc,  a very  perfect  non-condubtor  ; capable  of  being 
divided  into  plates  of  lefs  thicknefs  than  a two-hundredth  part  of  an  inch ; in  confe- 
quence  of  its  great  capacity  gives  very  ftrong  elebtric  fhocks ; and  its  laminae,  con- 
trary to  the  aflertion  of  Beccaria,  are  naturally  in  ftrong  oppofite  ftates  of  elebtricity, 
and  flafh  to  each  other  when  torn  afunder  in  the  dark,  ibid. 

Euler’s  hypothefis  of  refrabtion  of  the  differently  refrangible  rays  of  light  proved  to  be 
falfe,  p.  257.  His  hypothetical  principle  neither  fit  for  rendering  a telelcope  achro- 
matic, nor  to  account  for  the  diftinbtnefs  of  the  human  viflon,  ibid.  \ 

Excitation  of  electricity,  experiments  on,  p.  265.  Strength  of  the  excitation  afeer- 
tained,  ibid.  Silk  the  chief  agent  in  excitation  of  elebtricity,  p.  271. 

Experiments  and  obfervations  on  the  principle  of  acidity,  the  compofition  of  water,  and 
phlogiflon,  p.  7.  Experiments  on  the  phlogiflication  of  fpirit  of  nitre,  p.  139. 
Experiment  proving  that  beat  and  not  light  gives  colour  to  fpirit  of  nitre,  p.  140. 
Experiments  on  the  congelation  of  quickfilver  in  England,  p.  199.  Experiments 
relating  to  the  produbtion  of  artificial  cold,  ibid.  Experiment  proving  that  mercury 
may  be  frozen  not  only  in  England  in  fummer,  but  even  in  the  hotteft  climate,  at  any 
feafon  of  the  year,  p.  202.  Experiments  illuflrating  the  fubjebt  of  producing  cold, 
pp.  209,  210.  Experiment  illuftrating  the  theory  of  viflon,  p.  261.  Experiments 
and  obfervations  on  elebtricity,  p.  263.  Experiments  fhewing  that  the  office  of  filk 
is  not  merely  to  prevent  the  return  of  elebtricity  from  the  cylinder  to  the  cufhion, 
but  that  it  is  the  chief  agent  in  the  excitation ; while  the  cufhion  ferves  only  tofupply 
the  electricity,  and  perhaps  increafe  the  prefiure  at  the  entering  part,  pp.  263,  266. 
Experiments  on  the  luminous  appearances  of  elebtricity  and  the  abtion  of  points,  p. 
278.  Experiments  on  the  abtion  of  points  in  elebtricity,  pp.  281,  282.  Experi- 
ments on  the  tranfmiflion  of  the  vapour  of  acids  through  an  hot  earthen  tube,  and 
further  obfervations  relating  to  phlogiflon,  p.  289.  Experiment  on  oil  of  vitriol, 
ibid.  Experiment  on  fpirit  of  nitre,  p.291.  Experiment  in  which  alkaline  air  is 
converted  into  inflammable  air,  p.  295.  Experiments  relating  to  the  dobtrine  of 
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phlogiflon,  ibid.  Experiments  (hewing  that  manganefe,  per  ft , gives  airs  of  different 
kinds,  but  chiefly  fixed  and  dephlogiilicated  airs,  as  foon  as  it  is  fubjedied  to  a confi- 
derable  heat,  p.  30 6. 

Eyes . Fifteen  inches  the  diilance  at  which  the  generality  of  eyes  fee  with  the  moft 
diffindlnefs,  p,  258. 

F. 

Fangs,  venomous,  in  ferpents,  merely  offenfive  weapons,  p.  33.  Situation  of  veno- 
mous fangs  always  in  the  anterior  and  exterior  parts  of  the  upper  jaw,  p,  34. 

Fr  unification  chiefly  depends  on  rain  falling  at  the  latter  end  of  the  feafen  of  flowering, 

P«  39- 


Gentoo  Boy,  an  aflonifliing  living  fubjeft,  having  his  brother  adhering  to  his  breaff, 
p0  157,  Portrait  of,  p.  159. 

Glafs , the  perforation  of,  by  the  long  eleflric  fpark,  or  by  the  fpark  through  oil  or 
cement,  fuppofed  to  depend  on  the  intenfity  of  the  electricity,  which  has  not  time 
to  diffufe  itfelf,  but  charges  a minute  part  of  the  furface  yery  high,  p.  285. 

Globe , terreftrial  and  cceleftial,  few  inflruments  that  better  fulfil  their  defign  in  general, 

p.  1. 

Gray , Edward  Whitaker,  on  theclafs  of  animals  called,  by  Linnaeus,  Amphibia,  and  par- 
ticularly on  the  means  of  diflinguilhing  thofe  ferpents  which  are  venomous  from 
thofe  which  are  not  fo,  p.  21. 

Ground \ account  of  a finking  in  of  the,  near  Ketton  in  Rutland,  p.  164. 

/ « 

H. 

Heavens , remarks  on  the  conftrnftion  of,  pa  212. 

Herfchel , Dr.  William,  on  a comet,  p.  15  c# 

— — Catalogue  of  a fecond  thoufand  of  new  nebulse  and  cluflers  of  flars ; with 

introductory  remarks  on  the  confcru&ion  of  the  heavens,  p.  212. 

Hunter , John,  011  the  identity  of  the  fpecies  of  the  Bog,  Wolf,  and  Jackal,  p,  160. 

Hutchinfon , Rev.  Mr.  B.  on  the  drynefs  of  the  year  1788,  p,  37. 


facial . See  Fetter, 

Iron , diffolved  in  concentrated  acid  of  vitriol,  produces  vitriolic  acid  air;  but  being 
diffolved  in  diluted  vitriolic  acid,  produces  inflammable  air,  p.  15.  The  decompofi- 
tion  of  water,  by  means  of  Iron,  a fallacy,  p.  17.  Iron  imbibes  nothing  but  water 
when  it  parts  with  its  phlogiflon,  ibid. 
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K. 

Kite  (eledrical)  railed  by  Loammi  Baldwin  during  the  approach  of  a fevere  thunder- 
florin,  p.  275.  Effedof  the  eledricity  upon  him,  p.  276. 

L. 

Lac,  the  produce  of,  and  a ftaple  article  of  commerce  in,  Adam,  p.  107.  Lac  neither 
a gummy  nor  a refinous  fubflance,  though  it  has  fome  properties  which  are  common 
to  both,  ibid.  Known  in  Europe  by  the  different  appellations  of  flick-lac,  feed-la^ 
anti  fhell-lac,  ibid.  Ufed  as  a dye  by  the  natives  of  AlTam,  p.  109.  The  method 
of  purifying  it,  ibid.  - 

Lake,  bituminous.  See  Trinidad , alfo  Tar-lake . 

— — Tincal  found  in  a lake  in  Thibet,  which  is  fifteen  days  journey  northward  from 
Tifibolumboo,  p.  96.  Great  quantities  of  rock  fait  found  in  this  lake,  p.  97. 

Letter , fupplementary,  on  the  identity  of  the  fpecies  of  the  Dog,  Wolf,  and  Jackal, 
p.  160. 

Letters , two,  concerning  a monfler  of  the  human  fpecies,  p.  157,  158. 

Light , capable  cf  giving  colour  to  fpirit  of  nitre,  p.  140. 

— an  attempt  to  explain  a difficulty  in  the  theory  of  vifion,  depending  on  the 

different  refrangibility  of  light,  p,  256.  Euler’s  hypothecs  of  refradion  of  the 
differently  refrangible  rays  of  light  proved  to  befalfe,  p.  257. 

Lime-Jtone , rock  of,  difcovered  at  Punukha ; very  advantageoufly  fituated  for  being 
worked,  and  exceedingly  pure,  p.  S3. 

Linnaus , many  of  his  defcriptions  given  in  a very  carelefs  manner,  p.  21.  Particularly 
unfortunate  in  the  conftrudion  of  the  clafs  called  amphibia,  ibid. 

liquor,  green  acid,  procured  by  the  explofion  of  dephlogifticated  and  inflammable  airs 

in  clofe  veiTels,  pp.  8,  9,  10. 

\ 
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Manganefe , per  fe,  gives  airs  of  different  kinds,  but  chiefly  fixed  and  dephlogifticated 
airs,  as  foon  as  it  is  fubjed  to  a confiderable  heat,  p.  306. 

Mangrove  fwamps  in  the  ifland  of  Trinidad,  p.  65. 

Marjham , Robert,  indications  of  fpring,  p.  134 — 136. 

Majkelyne , Dr.  Nevil,  on  a difficulty  in  the  theory  of  vifion,  depending  on  the  refran» 
gibility  of  light,  p,  256, 

Mersmy, 
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Mercury , experiments  on  the  congelation  of,  p.  199.  Vide  Experiments.  Quid fiher. 

Meteorological  journal  for  the  year  1788,  kept  at  the  apartments  of  the  Royal  Society, 
p.  1 1 4— 137.  See  Tables* 

Milner , Rev.  Ifaac,  on  the  production  of  nitrous  acid  and  nitrous  air,  p.  300. 

Monjler  of  the  human  fpecies,  account  of,  p.  157.  See  Gen  tot)  Boy. 

Morgan , William,  on  the  method  of  determining,  from  the  real  probabilities  of  life, 
the  value  of  a contingent  reveriion  in  which  three  lives  are  involved  in  the  fumvor- 
fhip,  p.  40. 

Murijbong , 2 pleafant  and  healthy  lituation,  p.  82.  The  foil,  rich  and  fertile,  produces 
good  crops,  ibid. 

Mufcovy  talc,  a very  perfect  non-conduflor  ; capable  of  being  divided  into  plates  of  lefs 
thicknefs  than  a two-hundredth  part  of  an  inch  ; in  confequence  of  its  great  capacity 
gives  very  flrong'eleftric  Blocks ; and  its  laminae,  contrary  to  the  afiertion  of  Bec- 
caria,  are  naturally  in  ftrong  oppolite  Hates  of  ele&ricity,  and  flafh  to  each  other 
when  torn  afunder  in  the  dark,  p.  283.  One  folid  inch  of  Mufcovy  talc  contains 
electricity  enough  to  charge  a eondu&or  of  7 inches  diameter,  and  135  feet  long,  fo 
high  as  to  give  a nine-inch  (park  at  lead,  p.  286. 

N. 

Naja , a fpecies  of  ferpent,  very  venomous,  p.  25. 

Natron , phofphorated,  produces  more  cold  by  folution  in  the  diluted  nitrous  acid,  than, 
the  vitriolic  natron,  p.  208.  Vitriolated  natron,  added  to  marine  acid,  undiluted, 
produces  very  nearly  as  great  a degree  of  cold  as  when  mixed  with  the  diluted  nitrous 
acid,  p,  2io. 

Nebula  and  clukers  of  ftars,  catalogue  of  a thoufand,  p.  236 — 254.  See  Tables . 

Nicholfon , Mr.  William,  on  electricity,  p.  263. 

Nitre , fpirit  of,  experiments  on  the  phlogiflication  of,  p.  139.  Light  only  capable  of 
giving  colour  to  fpirit.  of  nitre,  contained  in  phials  with  ground  Hoppers,  p*  140. 
Experiment  proving  that  heat  and  not  light  gives  colour  to  fpirit  of  nitre,  ibid.  Spirit 
of  nitre,  in  its  moft  dephlogifticared  Hate,  confifls  of  a proper  faturation  of  the  acids 
with  phlogifton,  p.  289.  Experiment  011  fpirit  of  nitre,  p.  2 91. 

Nitrous  air*  See  Air • 

O. 

Obje-Elions  to  the  experiments  and  obfervations  relating  to  the  principle  of  acidity,  the 
compolition  of  water,  and  phlogifton,  confidered;  with  further  experiments  and 
obfervations  on  the  fame  fubjeft,  p.  7. 

Obfervations  and  experiments  on  the  principle  of  acidity,  the  compolition  of  water,  and 
phlogiflon,  p.  7.  Obfervations  on  the  c*afs  of  animals  called,  by  Linnaeus,  Am- 
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phibia;  particularly  on  the  means  of  diftinguifhing  thofe  ferpents  which  are 
venomous  from  thofe  which  are  not  fo,  p.  21.  Obfervations  on  the  drynefs  of  the 
year  1788,  p.  37.  Obfervations  on  a comet,  p.  1 51.  Obfervations  and  experiments 
on  eleCtricity,  p.  263.  Further  obfervations  relating  to  phlogiflon,  p.289. 

Gvaria  in  women  fubjedc  to  a gre2t  variety  of  changes,  p.  71.  Many  of  thefe  changes 
fimiiar  to  thofe  which  take  place  in  other  parts  of  the  body,  ibid.  Ovaria  in  women 
have  fome  power  within  themfelves  of  taking  on  a procefs  which  is  imitative  of  gene- 
ration, whhout  any  previous  connexion  with  a male,  p.  72. 

Ovarium,  account  of  a particular  change  of  firu&ure  in  the  human,  p.  71.  Natural 
fuhflance  of  an  ovarium  changed  into  a fatty  mafs  intermixed  with  hair  and  teeth, 

' ibid.  The  growth  of  hair  and  teeth  in  the  ovarium  fuppofed  by  Dr.  Tyfon  to  be 
a lufus  nature,  ibid,  note* 

F. 


Pagba , productions  of,  p.  84. 

Paraghon , its  foil  rich,  and  abounding  with  paflure,  p.  88.  Its  produ&ions,  ibid*. 
Colder  here  at  all  feafons  than  at  TafTefudon,  p.  89.  Iron  flones  found  near  Pa- 
raghon, and  one  fpring  highly  impregnated  with  this  mineral,  ibid. 

Phhgijhn , experiments  relating  to  the  doclrine  of,  p.  294. 

Pbofphonts after  the  afcenfion  of  it  in  dephlogifticated  air,  there  is  a confiderable  quan- 
tity of  fixed  air  in  the  refiduum,  p.  16. 

Piazzi,  R.ev.  jofeph,  refult  of  calculations  of  the  obfervations  made  at  various  places  of 
the  eclipfe  cf  the  fun,  which  happened  June  3,  1788,  p.  43. 

Point.  A force  adding  at  a given  point  may  be  refolved  by  an  infinite  number  of  ways 
into  two,  three,  or  more  forces  aiding  at  the  fame  point,  either  in  the  fame  or  dif- 
ferent planes  with  the  given  force  and  each  other;  and,  vice  verfd , any  number  cf 
inch  forces  acting  in  the  fame  or  different  planes  may  be  reduced  into  one,  p.  183. 
Example  proving  this  affertion,  ibid.  See  Problem . 

Points  in  electricity,  experiments  on  the  adtion  of,  pp.  281,  282.  The  effeCis  of  points 
depend  on  the  remotenefs  of  their  extremities  from  the  other  parts  of  the  conductor, 
p.  282.  k 

Portrait  of  a Gentoo  boy,  p.  156. 

Precipitate , per  fe,  yields  no  fixed  air  by  heat,  p.  12. 

Prejents , lift  of,  made  to  the  Royal  Society  from  November  1788  to  July  1789^ 
p.  3i4*  , 

Prieftley , Rev.  Dr.  Jofeph,  objections  to  the  experiments  and  obfervations  relating  to 
the  principle  of  acidity,  the  compofition  of  water,  and  phlogiflon,  confidered  ; with 
further  experiments  and  obfervations  on  the  fame  fubjedt,  p,  7,  On  the  phlogifiica- 
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tion  of  fpirit  of  nitre,  p.  139.  On  the  tranfmiffijon  of  acids  through  an  hot  earthen 
tube,  and  further  obfervations  relating  to  phlogifton,  p.  289. 

Problems.  If  the  ages  of  three  perfons  be  given,  to  determine,  fiotn  any  table  of 
obfervations,  the  value  of  the  fum  payable  on  the  Contingency  of  the  laft  perfou’s 
furviving  the  fecond,  provided  the  life  of  the  fit  ft  hr  all  be  then  extinct,  p.  41. 
This  problem  folved  and  demonftrated,  ibid. 

I.  Given  the  law  of  attraction  of  each  of  the  parts  of  a given  line  in  terms  of 
their  diftance  from  a given  point;  to  find  the  attraction  of  the  whole  line  on 
the  point,  p,  186. 

II.  III.  Given  the  attraction  of  each  of  the  parts  cf  a given  fur  face  in  terms  of 
their  diftance  from  a given  point,  and  an  equation  expreiftng  the  relation 
between  an  abfcifs  and  its  correfpondent  ordinates  of  the  furface;  to  find  the 
attraction  of  the  furface  on  the  given  point,  p.  187.  Alfo,  to  find  the  attraction 
of  a given  folid  on  a given  point,  p.  189. 

IV.  Given  an  equation  expreiling  the  relation  between  two  abfciffae  and  their  cor- 
refpondent ordinate  of  a folid;  to  find  its  folid  contents  contained  between  two 
values  of  its  firft  abfeiffia,  p.  194. 

V.  Given  an  equation  exprejfing  the  relation  between  the  two  ahfciffae  of  a folid,  and 
the  correfpondent  ordinates ; to  transform  the  firft  abfeiffia  into  any  other,  p.  196. 

Prujfian  blue  generally  fuppofed  to  be  a calx  of  iron  fuper- fat u rated  with  phiegifton, 
though  fuppofed  by  feme  to  have  acquired  fomething  that  is  of  the  nature  of  an  acid, 
p.  298.  The  quantity  of  fixed  air.  that  Fruilian  blue  would  yield  by  mere  heat  deters 
mined,  p„  299. 

Punukbay  a root  of  pure  lime-ftone  difeovered  here  by  Mr.  Saunders,  p.  83.  Abun- 
dance of  fire- wood  in  this  part  of  the  country,  p.  83.  The  houfes  of  this  country 
are  lofty,  and  the  timbers  fubftantial,  but  the  inhabitants  are  unacquainted  with  the 
ufe  of  lime,  p.  S3,  84.  State  of  the  thermometer  here,  p.  84. 

Qx 

Quadrant  of  altitude,  defeription  of  an  improvement  in  the  application  of,  to  a celeftial 
globe,  for  the  refolution  of  problems  dependent  on  azimuth  and  altitude,  p.  1. 

Quickjil’ver , experiments  on  the  congelation  of,  p.  199.  Experiment  proving  that 
quickfilver  may  be  frozen  not  only  in  England  in  fummer,  but  even  in  the  hotteft 
climate,  at  any  feafon  of  the  year,  p.  202.  Another  experiment  illuftrating  the 
congelation  of  quickfilver,  ibid.  Another  experiment  on  the  congelation  of  quick- 
lilver,  p.  203. 

Quickfilver , being  frozen  and  broken,  afforded  a beautiful  appearance  of  flkt  plates 
converging  towards  , a center,  p.  204.'  Congealed  quickfilver  bore  an  exaCV  refem- 
blance,  both  in  colour  and  plated  ftruCture,  to  fujphurated  antimony,  p.  205. 
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a con  fide  fable  defect  of,  in  the  year  1788,  p.  37.  The  quantity  of  rain  fallen 
at  Kimbokon  compared  with  that  of  the  feven  preceding  year?,  ibid.  Monthly  flate 
of  rain  for  17885  p.  38.  Quantities  of  rain  during  the  year  1788,  p.  114 — 138. 

lie  gift er.  Abftraflt  of  a regifter,  of  the  barometer,  thermometer,  and  rain,  at  Lyndon  in 
Rutland  t alfo  of  the  rain  at  South  Lambeth  in  Surrey,  and  at  Selbourn  and  Fyfield 
in  Hamplhire,  p.  162. 

Reichcl , Baron,  on  a mender  cf  the  human  fpecies,  p.  157. 

Remarks  on  the  conftruCtion  of  the  heavens,  p.  212. 

Rock  fair,  univerfally  ufed  for  all  do  me  flic  purpofes  in  Thibet,  Boutan,  and  Naphaul, 
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■Sales,  neutral,  which  produce  any  remarkable  degree  of  cold  by  folution  in  mineral 
acids,  lofe  their  freezing  property,  when  deprived  of  their  water  of  cryftallization, 
p.  209. 

Sanha,  productions  of,  p.  90.  State  of  the  thermometer  at,  ibid. 

Satellite , See  Saturn.  • 

Saturn  (the  planet)  has  a fixth  fateliite  revolving  round  it,  p.  255. 

Saunders , Robert,  on  the  vegetable  and  mineral  productions  of  Boutan  and  Thibet, 

P 79* 

Seluh,  here  is  a hot  well  much  frequented  by  people  with  venereal  complaints,  rheuma- 
tifm,  and  all  cutaneous  difeafes,  p.  94.  State  of  the  thermometer  when  immerfed 
in  the  water  of  this  well,  ibid.  Its  water  contains  a portion  of  hepar  fulphuris, 
ibid. 

Serpents , venomous  fangs  in,  merely  ofFenflve  weapons,  p.  33.  Situation  of  venomous 
fangs  always  in  the  anterior  and  exterior  parts  of  the  upper  jaw,  p.  34.  All  veno- 
mous ferpentshave  only  two  rows  of  teeth,  but  all  others  have  four,  p.  35.  Propor- 
tion of  venomous  (erpents  to  others,  as  1 to  10,  p.  36. 

Zimadar , its  foil  very  barren  and  unpromiiing,  p.  93.  Its  productions,  ibid. 

Small-pox , not  treated  properly  by  the  phyficians  of  Thibet,  p.  103. 

Smeaton,  Mr.  John,  defeription  cf  an  improvement  in  the  application  of  the  quadrant 
of  altitude  to  a celettial  globe,  for  the  refolutiori  of  problems  dependent  on  azimuth 
and  ahitude,  p.  1. 


Q6. 


Spring,  indications  of,  p.  1 34- 
Sta^s,  catalogue  of  a thoufand  new  nebulae  and  clutters  of,  p.  226— -234.  Every  Aar 
ftrppofed  to  be  a fun,  firming  by  its  own  native  brightnefs,  pp.  213,  214. 

Sulphur . By  fending  a fleam  over  melted  fulphur,  a fmall  quantity  of  inflammable  air 
is  procured,  p.  13.  Turbith  mineral  mixed  with  fulphur  makes  it  yield  vitriolic 
4 acid 
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acid  air,  ibid.  Sulphur  not  that  fun  pie  fubttance  which  the  anti-phlogittians  fuppofe 
it  to  be,  but  contains  phlogitton,  ibid. 

Sun , refult  of  calculations  of  the  obfervations  made  at  various  places  of  the  eclipfe  of  the 
fun,  which  happened  on  June  3,  1788,  p.  55. 

Survivorjbip,  On  the  method  or  determining,  from  the  real  probabilities  of  life,  the 
value  of  a contingent  reverfion  in  which  three  lives  are  involved  in  the  furvivorfhip, 

p.  40. 


T. 

Tables. 

Table  of  the  obfervations  made  at  Greenwich,  Loampit-hill,  Oxford,  Dublin,  Mu?an, 
Berlin,  Vienna,  Viviers,  Perinaido,  Rouen,  Milan,  Bologna,  and  Padua,  cn  the 
eclipfe  of  the  fun,  which  happened  June  3,  1788,  and  of  refults  deduced  from  the 

fame,  p.  62. 

Table  reprefenting  obfervations  made  at  Warfaw,  Prague,  Marfeilles,  Prefmunlier,  and 
Bagdad,  on  the  eclipfe  of  the  fun,  which  happened  June  3,  3788,  and  refults  deduced 

from  the  fame,  p.  64. 

Meteorological  journal  for  the  year  1788,  kept  at  the  apartments  of  the  Royal  Society,, 
for  January,  p.  114,  113.  February,  116,  117.  March,  118,  1:9.  Aprifi 

120,  121.  May,  122,  123.  June,  124,  125.  July,  126,  127.  Auguft,  128,  129. 
September,  130,  131.  Odober,  132,  133.  November,  134,  135.  December, 
136,  137.  - 

Table  of  the  greatett,  leaft,  and  mean  heights  of  the  thermometer  without  and  within,, 
and  of  the  barometer ; alfo  obfervations  of  the  quantities  of  rain,  p,  138. 

Table  containing  indications  of  fpring,  p.  134. — 156. 

Table  of  a fecond  thoufand  of  new  nebulae  and  clutters  of  liars,  p.  226“- 234.  Firfl  clafs, 
bright  nebulae,  p.  286.  Second  clafs,  faint  nebulae,  p.  229.  Third  clafs,  very  faint  ne- 
bulae, p.  238.  Fourth  clafs,  planetary  nebulae,  p.  246.  Fifth  clafs,  very  large  nebulae,., 
p.  248.  Sixth  clafs,  very  comprettedand  rich  clutters  of  ttars,  p.  250.  Seventh  clafs,  ' 
pretty  much  comprelfed  clutters  of  large  or  fmall  ttars,  p,  251..  Eighth  clafs,  coarfely 
fcattered  clutters  of  ttars,  p.  233. 

5 Takui , its  produdions,  p.  94. 

Talc,  See  Mufcovy  Talc . 

Tar-lake^  a bituminous  lake  in  the  iiland  of  Trinidad,  p»  65.  Called  by  the  French 
La  Bray , from  the  refemblance  to,  and  anfwering  the  intention  of,  (hip  pitch,  ibido 
Situate  in  the  leeward-lide  of  the  ifland,  on  a point  of  land  which  extends  into  the 
fea  about  two  miles,  ibid.  Situation  ttmilar  to  a Savannah,  p.  66.  Its  colour,  and 
even  furface,  prefent  at  firtt  the  afped  of  a lake  of  water,  ibid.  Of  a circular  form, 
and  about  three  miles  in  circumference,  ibid.  Its  common  confidence  is  that  or 

pit-coal, 


pit-coal,  the  colour  rather  greyer,  very  friable,  and,  when  liquid,  of  a jet  black 
colour,  p.  6;.  Some  parts  of  the  Curface  covered  with  a thin  and  brittle  fcoria,  a 
little  elevated,  ibid.  Calcined  earth  mixed  with  fome  parts  of  its  common  fubftance, 
ibid.  The  bituminous  fubftance  c this  lake  fuppofed  to  be  the  bitumen  a/pbaltutn 
Linncsi,  p,  68.  Its  fubftance  rendered  dublile  by  heat;  and,  mixed  with  a little 
greafe  or  common  pitch,  is  much  .fed  for  the  bottoms  of  flips,  ibid.  Suppofed  to 
be  a prefervative  againil  the  Bore  , ibid. 

1 Tajfefudm , productions  of,  p.  85.  Taflefudon  lower  than  the  level  of  Paraghon,  p. 
89.  The  capital  of  Boutan,  p.  111. 

1 Thermometer , ftate  of,  between  Bahar  and  Buxaduar,  p.  80.  State  of  it  at  Buxaduar, 
p.  ST.  Its  fate  at  Punakha,  p.  84.  Its  fate  at  Chepta,  ibid.  Its  fate. at  Sanha, 
p.  90.  Its  fate  at  Duina,  p.  92.  Its  fate  at  Tifoolumboo,  p.  97,  98.  State  of 
The  thermometer  at  London  during  the  year  1788,  p.  1 14 — 138. 

Thibet,  the  hills  in  this  country  have,  from  their  general  appearance,  frong  marks  of 
containing  thofe  fdffils  which  are  inimical  to  vegetation,  p.  93.  Tincal,  which  is 
afterwards  refined  into  Borax,  is  found  in  inexhaufibie  quantities  in  Thibet,  p.  96. 
Rock  fait  found  in  great  abundance  in  this  country,  ibid.  Difeafes  of,  p.  98 — :o6. 
Method  of  preparing  mercury  in  Thibet,  p.  100.  The  phyficians  of  this  country  do 
not  treat  the  fmall-pox  properly,  their  whole  attention  being  to  pieferve  themfelves 
from  the  difeafe  rather  than  to  affift  thofe  who  are  infe&ed  with  it,  p.  105.  All 
communication  with  thofe  who  have  the  fmall-pox  ftriflly  forbidden,  ibid.  Hot  baths 
ufed  by  the  inhabitants  of  Thibet  in  many  diforders,  ibid. 

Tincal , found  in  Inexhaufibie  quantities  in  Thibet,  p.  96.  The  lake  where  tincal  is 
collected  about  fifteen  days  journey  from  Tifoolumboo,  ibid,  Tincal  depofited  or 
formed  in  the  bed  of  a lake ; dug  up  in  large  maffes,  p.  97.  Tincal  is  found  only 
in  {hallow  water,  on*  the  borders  of  the  lake,  ibid.  Ufed  in  Thibet  for  folder,  and 
to  promote  the  fufion  of  gold  and  filver,  ibid, 

TiJfoolumboQ , piodudtions  of,  p.  94,  Soil,  ibid.  State  of  the  thermometer  at,  pp.  97, 
98.  The  capital  of  Thibet,  p.  iri. 

Trinidad , account  of  a bituminous  lake  or  plain  in  theifland  of,  pe  6^.  In  feveral  parts 
of  the  woods  in  this  ifland  are  hot  (brings,  p.  69. 

Turbin  b mineral,  being  mixed  with  fulphur,  produces  vitriolic  acid  air,  p.  13,  See 

Sulphur, 


V. 

f id  ties ) Sec.  on  the  method  of  cofrefpo  ident,  p.  166.  The  method  of  correfpondent 
values  eafily  affords  a refolution  of  the  problems  contained  in  Mr.  Brigg’s  or  Sir 
Ifaac  Newton’s  method  of  differences,  p.  177.  t 

Venereal  difeafe,  frequent  in  Thibet,  p.  100.  Method  of  treating  that  diforder  in 
Thibet,  p.  101.  d'd 

Vifiotu 
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Vijion,  an  attempt  to  explain  a difficulty  in  the  theory  of,  p.  2 $6,  Experiment 
illuftrating  the  theory  of  vifion,  p.  261. 

Vitriol,  oil  of,  in  its  moft  dephlogifticated  date,  con  fids  of  a proper  faturation  of  the 
acid  with  phlogifton,  p.  289. 

Volatile  vitriolic  acid  contains  the  proper  element  of  depblogUlicated  air,  p.  292, 

Volta  s opinion,  that  a point  in  electricity  is  the  coating  to  an  infinitely  fmall  plate  of 
air,  erroneous,  p.  281., 

Wo 

Walker , Richard,  on  the  congelation  of  quickfilver  in  England,  p.  199. 

Waring , Dr.  on  the  method  of  correfpondent  values,  &c,  p.  166.  On  the  refolution  of 
attractive  powers,  p.  185. 

Water , the  decompofnion  of,  by  means  of  iron,  a fallacy,  p,  17.  A great  want  of 
water  on  the  clofe  of  the  year  1788  univerfally  felt,  p.  37. 

Wolf*  See  Letter » • 
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